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(54) DRY POWDER INHALATION SYSTEM FOR TRANSPULMONARY ADMINISTRATION 



(57) The present Invention provides a novel dry 
powder inhalation system suitable for transpulmonary 
administration. The dry powder inhalation system of the 
invention characterized by using a combination of: 

(1 ) a vessel housing at reeze-dried composition that 
contains a single dose of an active Ingredient, and 
has: 

(i) a non-powder caice-llke forni, 

(li) a disintegration Index of 0.015 or 

more, and 

(III) a property of l^ecoming fine parti- 
cles having a mean particle diameter 
of 1 0 microns or less or a fine particle 
fraction of 10% or more upon receipt 
of an air impact having an air speed of 
at least 1 m/sec and an airflow rate of 
at least 17 mi/sec; and 

(2) a device comprising means capable of applying 
said air impact to the freeze-dried composition In 
said vessel, and means for discharging the powder- 



fomi freeze-dried composition that has been made 
into fine particles. 

FIG.l 
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Description 

TECHNICAL FIELD 

5 [0001] The present Invention relates to a novel dry powder Inhalation system suitable for transpulmonary adminis- 
tration. More specifically, the present invention relates to a dry powder inhalation system for transpulmonary adminis- 
tration according to which a freeze-dried composition provided housed In a vessel can be prepared into a form suitable 
for transpulmonary administration by being made into fine particles at the time of use, and administered by inhalation 
as Is. 

10 [0002] FurthenTK>re, the present invention encompasses the following inventions related to the dry powder inhalation 
system for transpulmonary administration. Specific examples of these inventions include a freeze-dried composition 
which can be made Into fine particle powder suitable for transpulmonary administration (dry powdered preparation for 
transpulmonary administration) at the time of use, a device {apparatus/implement) used in preparation and inhalation 
of the dry powdered preparation for transpulmonary administration, a method for producing the dry powdered prepa- 

is ration for transpulmonary administration, a method for transpulmonary administration by inhalation using the freeze* 
dried composition and use of a freeze-dried composition for preparing a dry powdered preparation for trarvspulmonary 
administratbn at the time of use. 

[0003] Hereinafter, in this specification, the term "fine particles' Includes pulverized powder (particle powder). 
so BACKGROUND AITT 

[0004] In general, with regard to transpulmonary administration, it is Icnown that the active Ingredient contained in a 
medicine can be delivered into the lungs efficlentiy by malting the mean particle diameter of the active ingredient be 
1 0 microns or less, preferably 5 microns or less. The current situation with conventional inhalations for transpulmonary 

S5 administration is thus that, to make the medicine have a particle diameter suitable for transpulmonary administration 
In advance, fine particles are prepared by a spray drying method, a Jet milling method or the like, and possibly further 
processing is carried out, and then the fine partksles are provided filled into a dry powder inhaler. 
[0005] Specifcally, Japanese Unexamined Patent Publteatlon No. 1 999-1 71 760 discloses three types of powdered 
Inhalation, namely (1) a preparation comprising a powder-fomn composition comprising only medicinal fine particles 

so filled Into a suitable vessel, (2) a preparation comprising a powder-form composition in which medk^inal fine particles 
have been granulated gentiy to fonn a relatively large particle diameter filled into a suitable vessel, and (3) a preparation 
comprising a powder-form composition comprising mixed particles in which medrcinal fine particles and vehicle particles 
(lactose etc.) having a particle diameter larger than the medicinal fine particles are mixed together unifonnly filled into 
a suitable vessel. Moreover, it is disclosed that if these powdered inhalations are administered into the respiratory tract, 

95 then the behavk>r shown is that with (1 ) the medksinal fine particles in the composition reach the lower respiratory tract, 
for example the trachea and the bronchi, and are deposited here, with (2) the granulated medteine separates into fine 
partKles in flight in the respiratory tract, and the medteinal fine particles produced reach the lower respiratory tract, for 
example the trachea and the bronchi, and are deposited here, and witii (3) the vehicle is deposited In the oral cavity, 
on the pharynx or on the larynx, and the medkslnal fine particles only reach the lower respiratory tract, for example the 

40 trachea and the bronchi, and are deposited here. 

[0006] In this way, with a conventional powdered inhalation for transpulmonary administration, the ingredient to be 
inhaled is made into desirable fine particles in advance, and then these fine particles, or else these fine particles further 
processed by some method, are filled into a dry powder inhaler, and transpulmonary administration is carried out using 
this. 

45 [0007] To make a low-molecular-weight drug Into fine partteles, a spray drying method (for example, a method dis- 
closed in Japanese Unexamined Patent Publbation No. 1999-171760), a Jet milling method (for example, a method 
disclosed in Japanese Unexamined Patent Publtoation No. 2001-151673) or the like is usually used. The Jet milling 
method comprises applying an air impact having an air flow rate of at least 1000 L/min and an airspeed not less than 
the sonic speed to a low-molecular-welght drug to make the drug into fine particles. No method is known which makes 

50 the drug into fine particles by a low air Impact. 

[0008] For a high-molecular-weight drug such as a peptide or protein, op the other hand, for example a method in 
which a spray solution of a medicinal stock liquid containing additives is subjected to spray drying, thus making the 
stock liquid into fine particles having a mean particle diameter of 5 microns or less in one step, and then these fine 
particles are filled into a dry powder inhaler (spray drying method: WO 95/31479), and a noethod in which a peptide or 

55 protein Is freeze-dried along with additives, and then the freeze-dried composition Is made into fine partteles by Jet 
milling or the like, and these fine partcles are filled into a dry powder inhaler (freeze drying-Jet milling method: WO 
91/16038) are known. 

[0009] However, conventional powdered inhalations for transpulmonary administration prepared by the above-men- 
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tioned spray drying method or freeze drying-jet milling method are not necessarily ideal preparations for hlgh-molecular- 
weight drugs such as peptides and proteins in particular. For example, as shown by the disclosure in WO 95/31479 
that about 25% deactivation of interferon occurs during the spray drying process, it is anticipated that if the spray drying 
method is used, then proteins and the like will be deactivated in the manufacturing process and the activity of the drug 
s will thus decrease. 

[0010] No method is known whteh makes a high-molecular-weight drug Into fine partteies by a tow air impact, the 
same as a tow-molecular-weight drug. 

[001 1 ] Moreover, with both the spray drying method and the freeze drying-jet milling method, an operation is required 
In which the fine powder prepared is collected from the spray drying apparatus or jet milling apparatus and Is subdivided 
10 and filled Into vessels. It is thus Inevitable that, accompanying this operation, problems will arise such as the yield of 
the preparation decreasing due to collection or filling loss and the cost rising correspondingly, and the preparation 
being contaminated with impurities. Moreover, in general It is difftoutt to subdivide and fill the powder in small amounts 
with good accuracy, if the spray drying method or the freeze drying-jet miiling method, for whtoh such subdividing and 
filling of small amounts in powder fomi is essential, is used, then it is thus necessary to establish a method of filling 

19 with small amounts and good accurancy of powder. In actual fact, details of a system, apparatus and method for filing 
with a fine powder are disclosed in U. S. Patent NO. 5.826.633. 

DISCLOSURE OF THE INVENTION 

20 [0012] It is an object of the present invention to solve the various problems of the above-mentioned conventional 
powdered inhalations for transpulmonary administration. Specif toally, it is an object of the present inventton to provide 
a novel preparation system and administration system that enables a freeze-dried composition that has been housed 
in vessels in advance subdivided into single doses of active ingredient to be made into fine parttoies down to a parttoie 
diameter suitable for transpulmonary administration by Inhalation in the vessel at the time of usage, and then be used 

25 for transpulmonary administration as is. 

[0013] The present inventors carried out assiduous studies to attain the above object, and as a result discovered 
that if a phannacologtoally active substance is filled as a liquki into vessels subdivided into required amounts and then 
freeze-dried, then the non-powder-fonn freeze-dried composition thus prepared can unexpectedly be made into fine 
partcles by a relatively low air impact while still housed in the vessel. Based on this knowledge, the present inventors 

30 carried out further studies, and as a result discovered that by using a freeze-dried composition, a single dose of whtoh 
has been housed in a non-powder form in a vessel, combined with a devtoe comprising means for introducing air at a 
prescribed speed and flow rate into the vessel so as to be capable of applying a prescribed air impact to thecomposition. 
and means for discharging from the vessel the powdered composition that has been made into fine partk^les. then the 
freeze-dried preparation can be prepared into a fine particle powder forni suitable for transpulmonary administration 

55 easily by a user atthe time of use (speciftoally, atthetime of inhalation), andthefine particle powder can be administered 
by inhalation as is. Moreover, it was verified tiiat, according to this transpulmonary administration system, all of the 
previously mentioned problems of conventional powdered in halations for transpulmonary administration can be solved. 
[0014] That is, according to the above-mentioned transpulmonary administration system of the present inventton. it 
is not necessary to collect the phamnaceutical preparation in a powder fomn and then fill it into vessels, but rather 

40 preparation is candied out by accurately filling each vessel with liquid and then carrying out freeze drying, and hence 
the transpulmonary administratton system can be used for transpulmonary administration witii an extremely high ac- 
curancy and high preparation yieki, and witiiout the problem of contamlnatton. Moreover, according to the above- 
mentioned administration system, active ingredients such as proteins or peptides are not exposed to high temperature 
in the manufacturing process as is the case with the spray drying method and the like, and hence there is no problem 

45 of the pharmacological activity dropping due to exposure to high temperature. Therefore, the administration system of 
the present invention Is an extremely useful system in particular with phannacologcalty active substances such as 
peptides and proteins that are expensive drugs, since the manufacturing cost can be reduced. 
[0015] Moreover, according to the dry powder inhalation system of the present invention, an extremely high fine 
particle fraction (the amount of the drug reaching the lungs: fine particle fraction, respirable fraction) is obtained, and 

50 hence the drug can be delh^ered into the lungs efficientiy. 

[0016] The dry powder Inhalation system of the invention is characterized by using a freeze-dried composition in a 
non-powder cake-like fonn as a preparation for manufacturing a powdered preparation fortranspulmonary administra- 
tion. The dry powder Inhalation system of the Invention in whtoh the freeze-dried composition in a cake-like fomi is 
applied to a dry powder inhaler is capable of achieving a signlf teantly higher fine parttole fraction compared to the case 

55 where a preparation made into fine particle powder having a size suitable for transpulmonary administration using a 
method employed for powder inhalants heretofore known, such as a jet milling method or a spray drying method, is 
applied to a dry powder Inhaler of the invention. 

[0017] For such reasons, the dry powder inhalation system of the present invention can be ranked as a hlgh-per- 
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formance transpulmonary administration system. 

[0018] The present invention was developed based on this Icnowledge. 

[0019] (1) The present invention includes the following dry powder Inhalation system for transpulnnonary administra- 
tion. 

s [0020] The dry powder Inhalation system for transpulmonary administration comprises a combination of a freeze- 
dried composition that exists In a non-powder fomi in a vessel and is capable of being made Into fine particles having 
a mean particle diameter of 10 microns or less within the vessel after applying a prescrit^ed air impact to the freeze- 
dried composition in the vessel, a device capable of applying the aboveHTientioned air impact to the f reeze-dried com- 
position in the vessel, and a device capable of discharging the thus obtained fine particles. 

10 [0021] The following can be put forward as specific embodiments of this dry powder inhalation system for transpul- 
monary administration. 

A dry powder inhalation system for transpulmonary administration, using a combination of: 

(1 ) a vessel housing a f reeze-dried composition that contains a single dose of an active ingredient, and has: 

(0 a non-powder cake-like form, 

(ii) a disintegration index of 0.015 or more, 

and 

^ (Hi) a property of becoming fine particles having a mean particle diameter of 10 microns or less or a fine 

particle fraction of 1 0% or more upon receiving an air impact having an air speed of at least 1 m/sec and 
an air flow rate of at least 1 7ml/sec; and 

(2) a device having means capable of applying saki air impact to the f reeze-dried composition In said vessel 
and means for discharging the powder-form freeze-dried composition that has l^een made into fine particles. 

[0022] (II) Furthermore, the present invention includes the following freeze-dried compositions pulverized into fine 
particles having a partk^le size suitable for transpulmonary administration using an air impact. 

^ - A freeze-dried composition for transpulmonary administratton having the following properties (1) to (III): 

(I) has a non-powder cake-like form, 

(II) has a disintegration Index of 0.015 or more, 
and 

^ (ill) becomes fine partk^les having a mean i^artble diameter of 1 0 mk^rons or less or a fine partk:le fraction of 

10% or more upon receipt of an air impact having an air speed of at least Im/sec and an air flow rate of at 
least 1 7ml/sec. 

[0023] (III) Furthermore, the present invention includes the following dry powder Inhalers usable in the dry powder 

40 inhalation system for transpulmonary administration. 

[0024] The inhalers are used for administering the fine partk^ies obtained by applying an air Impact to a freeze-dried 
composition that has been housed in a non-|3owder fomi in a vessel to a user by Inhalation. Specif k: examples of such 
inhaiers comprlseQ means capable of applying an air Impact having an air speed of at least 1 m/sec and an air flow 
rate of at least 17ml/sec to the freeze-dried composition in the vessel, and(g) means for discharging the powder-form 

45 freeze-dried composition that has been pulverized into fine particles. More specifically, the inhalers encompass jet type 
dry powder inhalers as In (a) below and self-Inhaling type dry powder inhalers as in (b) below. 

(a) Jet type dry powder Inhaler: Active powder inhaler 

so [0025] A devk^e used In making a freeze-dried composition that has been housed In a non-powder fomi In a vessel 
Into fine partk^les and administering the obtained fine particles to a user by Inhalatton, 

comprising a needle part having an air Jet flow path, a needle part having a discharge flow path, air pressure- 
feeding means for feeding air Into the air jet flow path of the needle part, and an Inhalation port that communteates 
ss with the discharge flow path, 

and being constituted such that a stopper that seals up the vessel is pierced by the needle parts, thus communi- 
cating the air jet flow path and the discharge flow path with the inside of the vessel, and air is jetted into the vessel 
from the air jet flow path using the air pressure-feeding means, thus breaking down the freeze-dried composition 
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into fine particles by the impact of the jetted air, and discharging the fine particles obtained from the inhalation port 
via the discharge flow path. 

(b) Seif-tnhaling type dry powder inhaler: Passive powder inhaler 

[0026] A device used In making a freeze-dried composition that has been housed in a non-powder f omn In a vessel 
Into fine particles and administering the obtained fine particles to a user, by inhalation. 

comprising a needle part having a suction flow path, a needle part having an air introduction flow path, and an 
inhalation port that communicates with the suction flow path, 

and being constituted such that, In a state in which a stopper that seals up the vessel has been pierced by the 
needle parts, through the inhalation pressure of a user, air in the vessel is inhaled from the inhalation port, and at 
the same time outside air flows into the vessel, which is now at a negative pressure, through the air Introduction 
flow path, and as a result the freeze-dried composition Is pulverized Into fine particles by the Inrtpact of the air 
flowing in, and the fine particles obtained are discharged from the inhalation port through the suction flow path. 

[0027] (IV) Furthermore, the present Invention includes the following methods of manufacturing a powdered prepa- 
ration fortranspulmonary administration. 

A method of manufacturing a dry powdered preparation for transpulmonary administration, comprising: 

introducing air into a vessel to apply to a freeze-dried composition an air impact having an air speed of at least 
1m/sec and an air flow rate of at least 17ml/sec using a device capable of applying said air impact to the 
freeze-dried composition in the vessel, 

thereby making said freeze-dried composition into fine partk:les having a mean partkHe diameter of 1 0 mk:rons 
or less or a fine partk^le fraction of 10% or more; 

the freeze-dried composltk>n containing a single dose of an active ingredient and having the following prop- 
erties: 

(i) has a non-powder cake-like fonn, 

(ii) has a disintegration index of 0.015 or more, and 

(ill) becomes fine partbies having a mean partk^le diameter of 1 0 mterons or less or a fine part»le fraction 
of 1 0% or more upon receipt of the air impact. 

[002q (V) Furthemiore, the present invention Includes the following transpulmonary administration methods char- 
acterized by using a dry powder inhalation system fortranspulmonary administration as described above. According 
to the transpulmonary administration method, a freeze-dried composition that has been housed in a non-powder form 
in a vessel is pulverized Into a fine particle powder suitable fortranspulmonary administration at the time of use so that 
a user (patient) can administer the fine-particle-form powdered preparation by inhalation. Thefolk>wing embodiments 
are included in the administration method. 

A transpulmonary administration method comprising: 

making a freeze-dried composition into fine particles having a mean particle dian^eter of 10 microns or less 
or a fine partk:ie fraction of 1 0% or more by applying an air Impact having an air speed of at least 1 m/sec and 
an air flow rate of at least 1 Zml/sec to the freeze-dried composition at the tinne of use, and 
administering the resulting fine particle powder to a user by lnhalatk)n; 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

(i) has a non-powder cake-like form, 

(ii) has a disintegration index of 0.015 or more, and 

(ill) becomes fine particles having a mean partide diameter of 1 0 mtorons or less or a fine parttole fractk>n 
of 1 0% or more upon receipt of the air impact. 

[0029] (VI) Furthemiore, the present invention includes the following uses of a freeze-dried composition for transpul- 
monary administration. 
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Use of a f reeze-drled composition for transpulmonary administration by Inhalation, 

the f reeze-dried connposltlon containing a single dose of an active ingredient and having the following prop- 
erties: 

(i) has a non-powder calce-lilce form, 

(il) has a disintegration Index of 0.015 or more, and 

(Hi) becomes fine particles having a mean particle diameter of 10 microns or less or a fine particle fraction of 
1 0% or more upon receipt of an air impact having an air speed of at least 1 m/sec and an air flow rate of at 
least 17mUsec, and being used by pulverizing into fine particles having said mean particle diameter or said 
fine particle fraction. 

[0030] (VII) Furthermore, the following uses of a freeze-dried composition for manufacture of a dry powdered prep- 
aration for transpulmonary administration are included In the present invention. 

Use of a freeze-dried composition for manufacture of a dry powdered preparation fortranspulmonary administration 
by inhalation, 

the freeze-dried composition having the following properties: 

(i) has a non-powder caice-lilce form, 

(il) has a disintegration index of 0.015 or more, 

and 

(iii) becomes fine particles having a mean particle diameter of 10 microns or less or a fine particle fraction of 
10% or more upon receipt of an air impact having an air speed of at least Im/sec and an air flow rate of at 
least 17ml/sec, and being used by pulverizing into fine particles having said mean particle diameter or said 
fine particle fraction at the time of use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 is a sectional view showing a dry powder inhaler (jet type 1) of the present invention disclosed as 
Embodiment 1 . Note that, in the drawing, the arrows indicate the flow of external air (lilcewise in Figs. 2 and 3 i:>elow). 
[0032] Moreover, the meanings of the various reference numerals are as follows: 1 . vessel, 1 a. stopper, 2. freeze- 
dried composition, 3. air jet flow path, 4. discharge flow path, 6. needle part, 6. inhalation port, 7. air intake member, 
8. tubular safety cover, 9. air pressure-feeding means, 10. bellows body, 11 . intake valve, 12. intake port, 13. discharge 
valve, 14. discharge port, 15. connecting port (likewise in Figs. 2 to 11 bek)w). 

[0033] Fig. 2 is a sectional view showing a dry powder inhaler <8elf -Inhaling type 1 ) of the present Invention disck)sed 
as Embodiment 2. Moreover, the meanings of the various reference numerals are as follows: 16. suctton flow path, 
17. air Introduction flow path, 18. inhalation port, 19. air intake member (likewise In Fig. 3 below). 
[0034] Fig. 3 is a sectional view showing a dry powder Inhaler (seif-inhaling type 2) of the present invention disclosed 
as Embodiment 3. 

[0035] Fig. 4 is a perspective view showing a dry powder inhaler (self-Inhaling type 3) of the present invention dis- 
closed as Embodiment 4. Moreover, the meanings of the reference numerals are as follows: 21 . housing, 22. holder 
part, 27. lid, 28. window, 32. mouthpiece, 32a. mouthpiece cap, 39. connector (likewise in Figs. 5 to 13 below). 
[0036] Fig. 5 is a sectional view of the above-mentioned dry powder inhaler (setf-inhaling type 3). Moreover, the 
meanings of the reference numerals are as foltows: 20. housing chamber, 21 A. hinge, 23. gukie part, 24. holder op- 
erating part, 26. housing main body, 29. lntroductk>n port, 30. check valve, 31 . suction port, 33. partition part, 35. 
remover, 36. lever, 37. mechanism part, 39. connector, 40. hinge, 41. hinge (likewise in Figs. 6 to 13 below). 
[0037] Fig. 6(a) is a sectbnal view of part of the above-mentioned dry powder Inhaler <8etf-lnhaling type 3). <b) is a 
side view of the needle part of this dry powder Inhaler. Moreover, the meanings of the reference numerals are as follows: 
16a. tip opening of suction flow path 16, 17a. tip opening of air introduction flow path 17, 34. peripheral wall part, 42. 
second introduction path, 42a. introduction groove in partition part 33, 42b. introduction groove In peripheral wall part 
34, 43. gap, 44. one end of second introduction path 42, 45. other end of second introduction path 42, 46. vent hole, 
47. wail (likewise In Figs. 7 to 13 beiow). 

[0038] Figs. 7 to 1 0 are sectional views for explaining the operation of the above-mentioned dry powder inhaler (self- 
inhaling type 3). Reference numeral 25 indbates a removal/insertion port. 

[0039] Fig. 11 Is a perspective view of a dry powder Inhaler (self-Inhaling type 4), whk^h is another embodiment of 
the present invention. Reference numeral 48 indicates an operator 

[0040] Figs. 12 and 13 are perspective views of a dry powder Inhaler <seif-inhaling type 5) of another embodiment 
of the present invention. Reference numeral 49 indk^ates an operator. 
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[0041 ] f ig. 1 4 Is a graph showing the particle size distribution of fine particles jetted out from the dry powder inhaler 
in Example 1 . 

[0042] Fig. 1 5 is a graph showing the particle size distribution of fine particles jetted out from theory powder inhaler 
in Exampie 2. 

s [0043] Fig. 1 6 is a graph showing the particle size distribution of fine particles jetted out from the dry powder inhaler 
in Examples. 

[0044] Fig. 1 7 Is a graph showing the particle size distribution of fine particles jetted out from the dry powder inhaler 
in Example 4. 

[0045] Fig. 1 8 is a graph showing the particle size distribution of fine particles jetted out from the dry powder Inhaler 
10 In Example 5. 

[0046] Fig. 1 9 is a graph showing the particle size distribution of fine particles jetted out from the dry powder Inhaler 
in Example 6. 
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BEST MODE FOR CARRYING OUT THE INVENTION 



(1) Dry powder Inhaler 



[0047] The dry powder Inhaler used In the present Invention is a device used for breaking down a freeze*dried prep- 
aration (f reeze-drled composition) that has been housed In a non-powder fonn in a vessel into fine particles In the 

20 vessel, and allowing a user to Inhale the dry powdered preparation. 

[0048] By comprising® means capable of applying an air impact to the non-powder fomn freeze-dried composition 
in a degree such that the freeze-dried composition can be pulverized into fine particles, and (2) means capable of 
administering to a user by inhalation the powder-form freeze-dried composition that has been made into fine particles, 
the device can carry out l^oth brealdng down of the freeze-dried composition into fine particles and administration of 

25 the powdered composition to a user by inhalation. Note that meansO can also appreciated as means for introducing 
air having the above-mentioned air Impact into the vessel housing the freeze-dried composition. Moreover, means <|) 
can also appreciated as means for discharging out of the vessel the powdered preparation that has been made Into 
fine particles In the vessel. In a dry powder Inhalation system of the present invention, as long as the device comprises 
these means, either a cohventlonal publidy-lcnown device or a device which will be developed in the future can also 

30 be used. 

[0049] Specifically, the meansO can be realized by introducing air capable of applying an air impact as above Into 
the vessel housing the freeze-dried composition. Note that the means<3) can l^e altered into means capable of applying 
an air impact having an air speed of at least 1 m/sec and an air flow rate of at least 17 ml/sec to the freeze-dried 
composition in the vessel. 

35 [0050] By using the means® or via this means, the dry powdered preparation, which has been prepared into a 
form suitable for transpulmonary administration, can be administered by Inhalation to the user such as patient. Note 
that, for example a chamber or a flow path such that the composition Is made Into fine particles or scattered may be 
further provided in the means® . 

[0051] The device In question encompasses jet type dry powder Inhalers as In (a) below and self-inhaling type dry 
40 powder inhalers as in (b) below. 



(a) Jet type dry powder inhaler: Active powder Inhaler 



[0052] 

45 

(a-1) A dry powder inhaler used in the making Into fine particles and inhalation of a freeze-dried composition that 
has been housed in a non-powder fonn In a vessel, 



comprising a needle part having an air jet fk>w path, a needle part having a discharge flow path, air pressure- 
50 feeding means for feeding air into the air jet flow path of the needle part, and an Inhalation port that commu- 

nicates with the discharge flow path, 

and being constituted such that a stopper that seals up the vessel is pierced by the needle parts, thus com- 
municating the air jet flow path and the discharge flow path with the inside of the vessel, and air is jetted into 
the vessel from the air jet flow path using the air pressure-feeding nr>eans, thus breaking down the freeze-dried 
55 composition into fine particles by the impact of the jetted air, and discharging the fine partk^les obtained out 

from the Inhalation port via the discharge flow path. 

(a-2) The dry powder inhaler described in (a-1 ) above, being constituted such that the air pressure-feeding means 
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is manually operated and comprises a bellows body having an intake port equipped with an intake valve and a 
discharge port equipped with a discharge valve, and by contracting the bellows body and thus opening the dis- 
charge valve In a state in which the intake valve Is closed, air In the bellows body is pressure-fed Into the vessel 
through the air jet flow path of the needle part which communicates with the discharge port, and by expanding the 
bellows body through an elastic restoring force in a state in whk^h the discharge valve is closed and the intake 
valve is open, air Is introduced into the bellows body. 

(a-3) The dry powder inhaler described hi (a-1 ) or (a-2) above, In which the air jet f tow path and th6 discharge flow 
path are fomned in a single needle part. 

(b) Self-inhaling type dry powder inhaler: Passive powder inhaler 
[0053] 

(b-1) A dry powder inhaler used for Inhaling fine parttoles obtained by breaking down a freeze-dried composition 
that has been housed in a non-powder form In a vessel, 

comprising a needle part having a suction flow path, a needle part having an air introduction flow path, and 
an inhalation port that communtoates with the suction flow path, 

and being constituted such that, in a state in whtoh a stopper that seals up the vessel has been pierced by the 
needle parts, through the inhalation pressure of a user, air In the vessel is inhaled from the Inhalation port, 
and at the same time outside air flows Into the vessel, whteh is now at a negative pressure, through the air 
introduction flow path, and as a result the freeze-dried composition is broken down into fine particles by the 
impact of the air flowing in, and the fine partk^les obtained are discharged from the inhalation port through the 
suction flow path. 

(b-2) The dry powder inhaler described in (b-1) above, being constituted such that most part of the freeze-dried 
compositton is made into fine parttoles and discharged from the inhalation port through one inhalatton of the user. 
(b-3) The dry powder inhaler described in (b-1 ) or (b-2) above, in whtoh the suction flow path and the air introductton 
flow path are fomned In a single needle part. 

[0054] The means for introducing air into the vessel (means® mentioned above) may be means for introducing air 
from the outside at nomnal pressure. It is not necessary to use compressed air from a jet mill or the like. There are no 
limitations on the means for introducing air from the outside. For example, in the case where the jet type dry powder 
inhaler (active powder Inhaler) described above is used, means for artificially introducing extemal air Into the vessel 
by jetting can be employed. In the case where the self-inhaling type dry powder inhaler (passive powder inhaler) is 
used, means for naturally introducing outside air into the vessel by suction through negative pressure fomned in the 
vessel when the user inhales can be employed. Moreover, in the fomner case, i.e. in the jet type dry powder inhaler 
(active powder inhaler), the method of introducing external air into the vessel by jetting artlftoially may t>e manual or 
may be a method that is carried out automattoally using a machine. 

[0055] The dry powder Inhaler of the invention, regardless of the type of the inhaler, whether it is an active powder 
inhaler or a passive powder inhaler, is capable of breaking down the freeze-dried composition that has been stored in 
non-powder form in the vessel into fine particles using an impact (jet pressure) of extemal air introduced into (flowing 
Into) the vessel by the air introduction means. 

[0056] For example, a vessel, used for freeze-drying can be used here, with no iimitattons on the material, shape 
etc. As the material, a piastto mainly including a polyoiefin such as polyethylene, polypropylene or polystyrene, glass, 
aluminum and the like can be given as examples. Moreover, as the shape, a circular cylinder, a cup shape, and a 
polygonal prism (polygonal pyramid) such as a triangular prism (triangular pyramid), a square prism (square pyramid), 
a hexagonal prism (hexagonal pyramid) or an octagonal prism (octagonal pyramid) can be given as examples. 
[0057] To obtain the effecte efficiently, the volume of the vessel housing the freeze-dried composition is in a range 
of 0.2 to 50ml, preferably 0.2 to 25ml and more preferably 1 to 15ml. Moreover, It is desirable to be used the trunk 
diameter of the vessel be 2 to 1 00mm, preferably 2 to 76mm, more preferably 2 to 50mm. 

[0058] Moreover, the amount of the freeze-dried composition housed in the vessel is preferably an amount containing 
a unit dose (single dose) or a plurality of doses, specifically 2 to 3 doses, of the active Ingredient. More preferably, it 
is an amount containing a unit dose (single dose) of the active ingredient. Moreover, the speclfto amount of the freeze- 
dried composition will vary according to the type and content of the active ingredient contained in the freeze-dried 
composition, and is selected as appropriate from amounts that can be inhaled, with there being no particular limitation; 
nevertheless, the amount is generally 30mg or toss, preferably 20mg or less, more preferable 1 0mg or less, parttoulariy 
preferably 5mg or less. 
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[0059] Moreover, the air Impact generated by the outside air Introduced Into the vessel is stipulated through the air 
flow rate at which air flows into the vessel through at least one or a plurality of in halations of a person or the air speed 
thus generated. There is no particular limitation on introducing external air with an air flow rate or air speed greater 
than this, except of course that the durability of the vessel is a limitation. Generally the air flow rate for one inhalation 

s of a person is 5 to 300 Umin, more specifically 10 to 200 Umin. Moreover, in the case of an dry powder Inhaler, a 
device can be used such that the amount of air Jetted each time is S to 100ml, preferably 10 to SOml. Preferably, 
adjustment can be carried out such that an air impact generated through an air speed of at least 1 m/sec Is applied to 
the surface of the freeze-drled composition filled In the vessel. A more preferable air Impact is an Impact generated by 
an air speed of at least 2m/sec, a yet more preferable one is an impact generated by an air speed of at least 5m/sec, 

10 and a still more preferable one is an impact generated by an air speed of at least 1 0m/sec. Here, there is no particular 
limitation on the upper limit of the air impact, but an impact generated by an air speed of 300m/sec can be given as 
an example. The upper limit is preferably an impact generated through an air speed 250m/sec, more preferably an 
impact generated through an airspeed 200m/sec, yet more preferably an Impact generated through an airspeed 150m/ 
sec. 

15 [0060] There Is no particular limitation on the air impact as long as it Is generated by air having an air speed arbitrarily 
selected from the range extending from a lower limit to an upper limit. Specific examples are Impacts generated through 
an air speed In a range of 1 to SOOm/sec, 1 to 250nVsec, 2 to 250m/$ec, 5 to 250m/8ec, 5 to 200m/sec, 1 0 to 200nV 
sec or 1 0 to 1 50m/sec. 

[0061] Here, the speed of the air applied to the freeze-dried composition can be measured as follows. That is, with 
^ the jet type dry powder inhaler shown later as Embodiment 1 , a mechanism is adopted in which air stored in a bellows 
body 10 is forcibly introduced onto the freeze-dried composition (cake-like freeze-dried composition: hereinafter also 
referred to as freeze-dried cake') that has been filled into the vessel from an air jet flow path 3, thus applying an air 
impact, and discharging the resulting fine partk:les from a discharge flow path 4. In this case, the flow rate of the air 
flowing through the air jet flow path 3 can be calculated by dividing the amount of air stored In the bellows body 1 0 by 
25 the time over which the air Is fed Into the vessel. Next, by dividing this air flow rate by the cross-sectional area of a 
path to Introduce air Into the vessel such as the air Jet flow path 3, the air speed at whk:h the Impact Is applied to the 
freeze-dried composition (freeze-dried cake) can be cateulated. 

so Air speed (cm/sec) « air flow rate (mlscm^/sec) + 

cross-sectional area of air introduction flow path 

(cm^) 

35 

[0062] Specif k:ally, In the case for example of a Jet type dry powder Inhaler designed such that the bore of the air jet 
flow path 3 Is 1 .2nfvn, the bore of the discharge flow path Is 1 .8mm, and the amount of air stored In the bellows body 
10 Is about 20ml, In the case that the amount of air of about 20ml stored in the bellows body 1 0 is forcibly introduced 
onto the freeze-dried composition in the vessel from the air jet flow path 3 in about 0.6 seconds, the air flow rate 

40 becomes about 40ml/sec. Dividing this value by the cross-sectional area of the air introduction flow path (the air jet 
flow path) (0.06 X 0.06 X 3.14 = 0.0113cm2), gives 3540cm/sec. The air speed Is thus about 35m/sec. 
[0063] Moreover, with the self-inhaling type dry powder inhalers shown later as Embodiments 2, 3 and 4 , a mech- 
anism is adopted In which air flowing In from an air introduction flow path 1 7 applies an impact to the freeze-dried cake, 
and then tiie resulting fine particles are discharged from a suctk>n flow path 1 6; the bores of the air Introduction flow 

45 path 1 7 and the suction flow path 1 6 thus stipulate the flow rate of the air flowing through the patiis. The air speed 
applied to the freeze-dried composition in the vessel can thus be ceteulated by measuring the flow rate of the air flowing 
through the air Introduction f k>w path 1 7 and dh^idlng this by the cross-sectbnal area of the air Introduction flow path 1 7. 

50 Air speed (cm/sec) % air flow rate (ml=cm^/8ec) + 

cross-sectional area of air Introduction flow path 

17 (cm^) 

55 

[0064] Specif k:ally, tiie flow rate of the air flowing through the air Introduction flow path 17 can be measured by 
Installing the dry powder Inhaler Including the vessel In the slot part of apparatus A (a twin impinger: made by Copley, 
UK) as mentioned in the European Phamiacopoeia (Third Edition Supplement 2001 , pi 1 3-1 1 5), and using a flow meter 
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(KOFLOC DPM-3). 

[0065] For example, with a self-Inhaling type dry powder inhaler designed such that the bore of the air Introduction 
flow path 1 7 Is 1 .99mm and the bore of the suction flow path Is 1 .99mm, In the case that the airflow rate flowing through 
the air Introduction flow path 17 measured using the flow meter (KOFLOC DPM-3) was 1 7.7Lymln, I.e. 296ml/sec, the 
air speed can be obtained by dividing this value by the cross-sectional area of the air introduction flow path 1 7 (0.0995 
X 0.0995 X 3.14 = 0.031 1cm2) (9486cm/sec, i.e. 95m/sec). 

[0066] Moreover, at least 1 7ml/sec can be given as an example of the flow rate of the air applied to the freeze-drled 
composition filled in the vessel. The air flow rate Is preferably at least 20ml/sec, more preferably at least 2Sml/8ec. 
Here there is no particular limitation on the upper limit of the air flow rate, but an example of 900L/hriin can be given. 
This upper limit Is preferably 15IJsec, more preferably lOLysec, yet more preferably 6L/sec, still more preferably 417 
sec, particularly preferably SUbbc. Specifically, the flow rate should be In a range constituted from a lower limit and an 
upper limit selected as appropriate from the above, with there being no particular limitation; nevertheless, 1 7ml/sec to 
15lj^sec, 20ml/sec to lOUsec, 20ml/sec to 5Lysec, 20ml/sec to 4L/sec, 20ml/sec to 3L/sec, and 25ml/sec to 3L/sec, 
can be given as examples of the range. 

[0067] Moreover, as means for raising the impact pressure of the air Introduced from the outside, the dry powder 
Inhaler used in the present invention can have means for discharging air from a discharge port, as explained in detail 
below, preferably with a small bore, of a flow path close to the f reeze-dried composition housed at the bottom of the 
vessel, for example a needle part having an air introduction flow path or an air Jet flow path as described later in the 
embodiments. Regarding the bore of the discharge port of the flow path, the preferable range varies according to the 
size of the vessel and so on, with there being no particular limitations; nevertheless, the bore can be In a range of 0.3 
to 10mm, preferably 0.5 to 5mm, more preferably 0.8 to 5mm, much more preferably 1 to 4mm. 
[0068] The freeze-drled composition housed In a non-powder form In the vessel can be made Into fine particles by 
introducing air Into the vessel. Here, the extent of making into fine particles should be such that the partlcie diameter 
is suitable for transpulmonary administration; a particle diameter of 1 0^xn or less, preferably 5pjn or less, can be given 
as an example. 

[0069] As used herein, the mean partlcie diameter of fine particles indicates a mean particle diameter usually adopted 
in the industry relating to inhalants. Specifically, the mean particle diameter is not a geometric particle diameter, but 
an aerodynamic mean particle diameter (mass median aerodynamic diameter, MMAD). The aerodynamic mean particle 
diameter can be measured by a conventional method. 

[0070] For example, the mass median aerodynamic diameter can be measured using a dry particle size distribution 
meter fitted with an Aerobreather, which is an artificial lung model (made by Amherst Process Instrunrtent, Inc., USA), 
a twin impinger (G.W. Haliworth and D.<=i. Westmoreland: J. Pharm. Pharmacol., 39, 966-972 (1987), U.S.Patent No. 
6153224), a multi-stage liquid impinger, a Marple-Mlller impactor, an Andersen cascade impactororthe lll<e. Moreover, 
B. Olsson et al. have reported that delivery of the particles into the lungs Increases at the proportion of particles having 
a mass median aerodynamic diameter of 5p.m or less increases (B. Olsson et al. : Respiratory Drug Delivery V, 273-281 
(1996)). The fine particle fraction, fine particle dose or the like as measured by a twin impinger, a multl^ge Iquid 
impinger, a Marple-Mlller impactor, an Andersen cascade Impactororthe like acts as a method of estimating the amount 
that can be delivered into the lungs. In the invention, the proportion of effective partk:les (fine parttele fractbn) Is at 
least 1 0%, preferably at least 20%, more preferably 25%, yet more preferably at least 30%, partksulariy preferably at 
least 35%. 

[0071 ] The dry powder Inhaler for use In the Invention encompasses the specify embodiments defined in the following 
items 100 to 111: 

1 00. A dry powder inhaler for transpulmonary administration used for making a f reeze-dried composition that has 
been housed in non-powder fomn in a vessel into fine partk:les by an air Impact, and administering the resulting 
fine particles to a user by inhalation. 

101. The dry powder inhaler for transpulmonary aidmlnlstration according to item 100, being a devkse used for 
making a f reeze-dried composition that has been housed in non-powder form In a vessel into fine partteles, and 
administering the resulting fine particles to a user by inhalation, 

comprising a needle part having an air jet flow path, a needle part having a discharge flow path, air pressure- 
feeding means for feeding air into the air jet flow path of said needle part, and an inhalation port that communicates 
with the discharge flow path of said needle part, 

and characterized by being constituted such that a stopper that seats up said vessel is pierced by said needle 
parts, thus communicating the air jet flow path and the discharge flow path with the inside of said vessel, and air 
Is jetted into said vessel through said air jet flow path using said air pressure-feeding means, thus pulverizing said 
freeze-drled composition into fine partk:les by the impact of the Jetted air, and discharging the fine partk:les obtained 
from the inhalation port via said discharge flow path. 

102. The dry powder inhaler for transpulmonary administration according to Item 100, being a device used for 
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pulverizing a freeze-dried composition tiiat lias been housed in non-powder fomn in a vessel into fine particles, 
and administering the resulting fine particles to a user by inhalation, 

comprising a needle part having a suction flow path, a needle part having an air introduction flow path, and 
an inhalation port that communicates with said suction flow path, 

5 and characterized by being constituted such that, in a state in which a stopper sealing up said vessel has 

been pierced by said needle parts, through the inhalation pressure of the user, air in said vessel is inhaled from 
said inhalation port, and at the same time outside air flows into said vessel, at a negative pressure, through said 
air introduction flow path, and as a result said freeze-drled composition is pulverized into fine particles by the 
impact of the air flowing in, and the fine particles obtained are discharged from the inhalation port through said 

10 suction flow path. 

103. The dry powder inhaler for transpulmonary administration according to item 101, characterized by being 
constituted such that said freeze-dried composition ^ pulverized into fine particles and discharged from said in- 
halation port through Jetting air into said vessel orice. 

104. The dry powder inhaler for transpulmonary administration according to item 101, characterized by being 
f5 constituted such that said freeze-dried composition is pulverized into fine particles, such that the mean particle 

diameter is 1 0 microns or less or the fine particle fraction Is 1 0% or more, and discharged from said inhalation port 
through Jetting air into said vessel. 

1 05. The dry powder inhaler for transpulmonary administration according to Item 101, wherein said air jet flow path 
and said discharge flow path are fomied in a single needle part. 

20 106. The dry powder inhaler for transpulmonary administration according to item 102, characterized by being 

constituted such that said freeze-dried composition is pulverized into fine particles and discharged from said in- 
halation port through one inhalation of the user. 

107. The dry powder Inhaler for transpulmonary administration according to item 102, characterized by being 
constituted such that said freeze-dried composition is pulverized into fine particles, such that the mean particle 

25 diameter Is 1 0 microns or less or the fine particle fraction Is 1 0% or more, and discharged from said inhalation port 

through inhalation of the user. 

108. The dry powder Inhaler for transpulmonary administration according to Item 102, wherein said suction flow 
path and said air introduction flow path are fomied in a single needle part. 

109. The dry powder inhaler for transpulmonary administration according to item 108 comprising: 

30 

a holder part for holding a vessel that is sealed up with a stopper and houses a freeze-dried composition in a 
non-powder calce-liice fomn that will be made into fine particles upon receiving an air impact, 
means for applying an air impact to said freeze-dried composition in said vessel, and suclcing said freeze- 
dried composition in a powder-form that has been made into fine particles l^y the air impact out from said vessel, 
35 a needle part having a suction flow path for sucking said freeze-dried conrposition out from said vessel, and 

an air introduction flow path for Inti^oducing outside air into said vessel, 
a suction port that communicates with said suction flow path of said needle part, 
a guide part for guiding said holder part in the axial direction of said needle part, 

a holder operating part that has a mechanism part for, when said vessel is held by said holder part, advancing 
^0 the vessel towards a needle tip of said needle part to pierce the stopper of the vessel with said needle tip, and 

retreating the vessel from said needle tip to separate the stopper of the vessel from said needle tip, and an 
operator that operates the mechanism part, and Is constituted such that said operating member can be oper- 
ated with a force smaller than the force necessary for the mechanism part to pierce the stopper of the vessel 
with said needle part, 

45 and a housing that supports said needle part and Is for providing said suction port, said guide part and said 

holder operating part, 

and constituted such that, in a state in which said stopper has been pierced by said needle part to communicate 
the suction flow path and the air introduction flow path of said needle part with the inside of said vessel and 
position the tip of the air introduction flow path at said freeze-dried composition , th rough the inhalation pressure 
50 of a user, air in said vessel is inhaled from said suction port, and air is made to flow into said vessel tiirough 

the air introduction flow path, thus applying an air impact to the freeze-dried composition in said vessel. 

110. The dry powder inhaler for transpulmonary administration according to item 109, characterized in that said 
housing is formed in a tubular shape, said suction port is fomried at a tip part of the housing, a housing chamber 

55 for housing said vessel via said holder is fomied in said housing, said needle part is disposed In said housing such 

that said needle tip points towards said housing chamber, and an introduction port for introducing outside air that 
communicates with the air introduction flow path of said needle part is provided in a wall of said housing, 

and the dry powder inhaler is constituted such that said holder part is advanced and retreated in the axial 
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direction of said housing in said housing chamber using said holder operating part. 

111 . The dry powder inhaier for transpuimonaiy administration according to item 110, characterized in that said 
housing is formed from a housing main body having a removal/insertion port for said vessel formed therein in a 
position in which said holder part is retreated, and a lid for said removal/insertion port that is connected to said 
5 housing main body by a hinge, 

and the dry powder Inhaler is constituted such that said holder operating part has said mechanism part which 
advances said holder part towards the needle tip of the needie part when said lid is pushed down to close said 
removal/insertion port, and retreats said holder part away from said needle tip when said lid is lifted up to open 
said removal/insertion port, and said lid is used as the operating member of said mechanism part. 

10 

(2) Freeze-dried composition 

[0072] The freeze-dried composition of the present invention Is a composition that is prepared In a non-powder dry 
fomi by filling solution containing a single effective dose or a plurality of effective doses of a drug into a vessel and 

IS then freeze-drying as is. It Is preferably a freeze-dried composition containing a single effective dose of the drug. The 
non-powder-form freeze-dried composition can be manufactured by the same method as a conventional manufacturing 
method used for a freeze-dried preparation (freeze-dried composition) such as an Injection that is dissolved at the time 
of use, in which a liquid is filled in subdivided amounts into vessels; by selecting a suitable composition <types and 
amounts of active ingredient and cannier used together with the active ingredient) such that the disintegration index of 

20 the freeze-dried composition prepared is 0.015 or more, the freeze-dried composition can be made into fine particles 
down to a particle diameter suitable for transpulmonary administration in an Instant by receiving an Impact of external 
air (air impact, jet pressure) introduced into (flowing Into) the vessel. 

[0073] Note that the disintegration Index in the present invention is a value characteristic of the freeze-dried compo- 
sition that can be obtained by measuring following the undermentioned method. 

25 

<Disintegration index> 

[0074] 0.2 to 0.5ml of a mixture containing target components that will constitute the freeze-dried composition is filled 
into a vessel having a trunic diameter of 18mm or 23mm, and freeze-drying is carried out. Next, 1 .0ml of n-hexane is 

30 Instilled gentiy down tiie wall of the vessel onto the non-powder-fonm freeze-dried composition obtained. Agitation Is 
carried out for about 1 0 seconds at SOOOrpm , and then the mixture Is put into a U V cell of optical path lengtii 1 mm and 
optical patti width 10mm, and the turi^idlty is measured immediately at a measurement wavelength of SOOnm using a 
spectrophotometer. The turtaidity obtained is divided by the total amount (weight)) of tiie components constituting the 
freeze-dried composition, and the value obtained is defined as the disintegration index. 

35 [0075] Here, an example of the iower limit of the disintegration index of the freeze-dried composition of the invention 
can be given as the above-mentioned 0.01 5, preferably 0.02, more preferably 0.03, yet more preferably 0.04, still more 
preferably 0.05. Especially, 0.1 is preferable. Moreover, there is no particular limitation on the upper limit of the disin- 
tegration index of the freeze-dried composition of the invention, but an example can be given as 1 .5, preferably 1 , more 
preferably 0.9, yet more preferably 0.8, still more preferably 0.7. The freeze-dried composition of the present Invention 

40 preferably has a disintegration index In a range constituted from a lower limit and an upper limit selected as appropriate 
from the above, with the proviso that the disintegration index is at least 0.015. Specific exannples of the range of the 
disintegration index are 0.015 to 1 .5, 0.02 to 1 .0, 0.03 to 0.9, 0.04 to 0.8, 0.05 to 0.7 and 0.1 to 0.7. 
[0076] Moreover, it is preferable to prepare the freeze-dried composition of the present invention in a non-powder 
calce-lil<e fomi by freeze-drying. In the present invention, 'non-powder-fomri freeze-dried composition' means a dry solid 

45 obtained by freeze-drying a solution, and is generally called a freeze-dried cake'. However, even If cracks appear in 
the cake, the cake breaks into a plurality of large lumps, or part of the cake breaks into a powder during the freeze- 
drying process or during subsequent handling, this cake is still included as a non-powder-fomi freeze-dried composition 
that is the subject of the present invention, provided the effects of the present invention are not impaired. 
[0077] As described above, the freeze-dried composition of the invention has a disintegration Index of 0.01 5 or more 

50 and a non-powder cake-like form and becomes fine parttoles having a mean partble diameter of 1 0 microns or less or 
a fine particle fraction of 10% or more upon receipt of an air Impact having an air speed of at least Im/sec and an air 
flow rate of at least 17ml/sec. 

[0078] A preferable freeze-dried composition is such that, upon receiving the above air impact, the mean parttele 
diameter becomes 1 0 microns or less and preferably 6 microns or less or a fine particle fraction of 1 0% or more, 
55 preferably 20% or more, more preferably 25% or more, still more preferably 30% or more, and especially more pref- 
erably 35% or more. 

[0079] As described above, the air impact applied to a freeze-dried composition is not limited, as long as it is gen- 
erated by air having an air speed of at least Im/sec and an air flow rate of at least 17mt/sec. 
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[0080] Specific examples of an air Impact Include an Impact generated by an air having a speed of 1 m/sec or more, 
preferably 2m/sec or more, more preferably 5m/sec or more and a still more preferably 1 0m/sec or more. Here, there 
Is no limitation on the upper limit of the air speed, but it is generally 300m/sec, preferably 250m/sec, nnore preferably 
200m/sec and yet more preferably 150nri/sec. The air speed is not limited as long as rt is arbitrary selected from the 

s range extending from a lower limit to an upper limit; however, the ranges of 1 to 300m/sec, 1 to 2S0nri/8ec, 2 to 250m/ 
sec, 5 to 250nVsec, 5 to 200m/sec. 1 0 to 200m/sec or 1 0 to 1 50m/sec can be gh/en as examples. 
[0081] Examples of the air Impact include those generated by air having an air flow rate of generally 17ml/sec or 
more, preferably 20ml/sec or more and more preferably 25ml/sec or more. There is no limitation on the upper limit of 
the air flow rate; however, the air flow rate Is generally QOOLymIn, preferably 1 SL/sec, more preferably SUsec yet more 

10 preferably 4L/sec. Especially, Si^sec Is very preferable. More specifically, the airflow rate is not limited as long as It Is 
selected from the range extending from a lower limit to an upper limit; however, examples of such a range include 
1 7ml/sec to 1 5L/sec, 20ml/sec to 1 0L/sec, 20ml/sec to 5L/sec, 20ml/sec to 4i/sec, 20mi/sec to SL/sec and 2Sml/sec 
to 3Lysec. 

[0082] In principle, there is no particular limitation on the drug used in the present invention, provided it is a drug that 

19 can be used as a powdered inhalation (powdered inhalation for transpulmonary administration); nevertheless, synthetic 
low-molecular-weight drugs and high-molecular-weight drugs can be given as specffic examples. IHIgh-molecular- 
weight drugs include physiologically active substances such as proteins, peptides or polypeptides, antibodies, genes, 
nucleic acids, enzymes, hormones and the lilce. 

[0083] Moreover, regarding the disease targeted by the drug, both whole body treatment and local treatment can be 

20 envisaged, depending on the case. 

[0084] Examples of synthetic low-molecular-weight drugs include, for example, hydrocortisone, prednisolone, triam- 
cinolone, dexamethasone, betamethasone, beclometasone, fluticasone, mometasone, budesonlde, salbutamol, sal- 
meterol, procateroi, buprenorphine hydrochloride, apomorphine, taxol, and antibiotics such as tobramycin. 
[0085] Examples of bio-drugs (physiologically active substances) such as proteins, peptides or polypeptides, antl- 

25 bodies, genes, nucleic acids, enzymes and hormones include, for example, interferons (a, p, y), interieulcins (for ex- 
ample, interleul<ln-1 , 2, 3. 4, 5, 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 1 4, 1 5, 1 6, 1 7, 1 8 etc.) , antl-lnterieul<ln-1 a antibody, Interteukln- 
1 receptor, Interieulcin receptor antagonist, lnterieukin-4 receptor, antl-interieukln-2 antibody, antl-lnterieukln-6 receptor 
antibody, lnterieukln-4 antagonist, lnterleukln-6 antagonist, antl-interieukln-8 antibody, chemoklne receptor antagonist, 
antl-interieukln-7 receptor, antl-lnterleukin-7 antibody, anti-interieukln-5 antibody, lnterleukin-5 receptor, antl-lnter- 

30 leukln-9 antibody, lnterleukin-9 receptor, anti-lnterleukln-10 antibody, lnterieukln-10 receptor, antl-interieukin-1 4 anti- 
body, lnterieukin-14 receptor, antl-interieukin-1 5 antibody, lnterleukin-15 receptor, interleukin-1 8 receptor, anti-inter- 
leukin-1 8 antibody, erithropoietin (EPO), erithropoletin derivatives, gran uiocyte colony stimulating factor (G-CSF), gran- 
ulocyte macrophage cobny stimulating factor (GM<;SF), macrophage colony stimulating factor (M-CSF), calcitonin. 
Insulin, insulin derivatives (LisPro, NovoRapId, HOE901 , NN-304, etc.), insulintropin, Insulin-like growth factor, gluca- 

35 gon, somatostatin and analogs thereof, vasopressin and analogs thereof, amyltn, human growth hormone, luteinizing 
hormone releasing hormone, foilk^le stimulating hormone, growth homrione releasing factor, parathyroid homnone, en- 
dothelial cell growth factor, platelet derived growth factor, keratinocyte growth factor, epidermal growth factor, fibroblast 
growth factor, brain-derived neurotrophic factor, ciliary neurotrophte factor, tumor necrosis factor (TNF), TNF receptor, 
TNF Inhibitor, transforming growth factor (TGF), hepatocyte growth factor (HGF), nerve growth factor (NGF), blood 

^0 stem cell growth factor, platelet growth simulator, naturiuretic peptide, blood coagulation factor, blood hepatocyte growth 
factor (S-CSF), FLT3 llgand, anti-platelet aggregation inhibiting monoclonal antibody, tissue plasminogen activator and 
derivatives thereof, superoxide dismutase, antisense drugs, immunosuppression agents (for example, cyck}8porin, 
tacrolimus hydrate, etc.) cancer repressor gene p53, cystic fibrosis transmembrane conductance regulator (CFTR) 
gene, a-1 antitrypsin, thrombopoietin (TPO), metastatin, deoxyribonuciease (Dnase), prolactin, oxytocin, thyrotopin 

45 releasing hormone (TRH), bactericidal pemrieabiiity Increasing (BPI) protein, and vaccine preparations, for example 
Influenza vaccines, AIDS vaccines, rotavirus vaccines, malaria vaccines and tuberculosis vaccines such as Mti372f. 
[0086] One of these active Ingredients can be used alone, or two or more can be used In combination. Note that the 
various peptides above encompass natural polypeptides, gene recombinant polypeptides, chemically synthesized 
polypeptides and so on. 

so [0087] The freeze-dried composition of the present invention may comprise the active Ingredient alone, as long as 
the end products satisfy the above-mentioned disintegration index, or a suitable carrier may be mixed in. In the case 
of using a carrier in addition to the active Ingredient, there are no particular limitations on the type and amount of the 
carrier used, so long as the final freeze-dried composition prepared by mixing with the active Ingredient satisfies the 
above-mentioned disintegration Index, and the effects of the present invention (making into a fine particle) attained. 

55 [0088] Specifte examples of the carrier Include hydrophobe amino acids such as valine, leucine, Isoleuclne and 
phenylalanine, and salts and amides thereof; hydrophilic amino acids such as glycine, proline, alanine, arginine and 
glutamic acid, and salts and amides thereof; derivatives of amino acids; and dipeptides, tripeptides or the like having 
two or more of the same one or different ones of the above-mentioned amino acids, and salts and amides thereof. One 
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of these can be used alone, or two or more can be used In combination. Here, examples of salts of the amino acid or 
peptide include salts with an alkali metal such as sodium or potassium or an alkaline earth metal such as<:ak;ium, and 
addition salts with an inorganic acid such as phosphoric acid or hydrochloric acid or an organk: ackl such as sulfonic 
acid, while examples of amides include L-leucine amide hydrochloride. 

[0089] Moreover, an amino acid other than an a-amino acid can be used In as a carrier. Examples of such an amino 
acid Include p-alanine, T^aminobutyrk: acid, homoserine and taurine. Other examples of carriers Include monosaccha- 
rides such as glucose; disaccharides such as saccharose, maltose, lactose and trehalose; sugar alcohols such as 
mannitol; oligosaccharides such as cyclodextiin; polysaccharkJes such as dextran 40 and pullulan; polyhydiic alcohols 
such as polyethylene glycol; and fatty acid sodium salts such as sodium caprate. One of these carriers may be used 
alone, or two or more may be used In combination. 

[0090] Of the above can-iers, specifk; examples of carriers that are preferable for delivering the active ingredient 
efficiently into the lungs include hydrophobic amino acids such as isoleucine, valine, leucine and phenylalanine, and 
salts and amides thereof; hydrophobic dipeptides such as leucyl-valine, leucyl-phenylalanine and phenylalanyl-lsoleu- 
cine; and hydrophobic tripeptldes such as leucyl-leucyl-leuclne and leucyl-leucylovallne. Again, one of these may be 
used alone, or two or more may be used in combination. 

[0091] There are no particular limitations on the proportion of the active ingredlent<s) (drug(s)) mixed into the frieze- 
dried compositk>n; nevertheless, examples of the content are 20mg or less, preferably lOrr^ or less, more preferably 
5mg or less, yet nrx>re preferably 2mg or less, particularly preferably 1 mg or less. 

[0092] Moreover, there are no particular limitattons on the mixing proportion of the canier(s) , provided the final 
freeze-dried composition satisfies the above-mentioned disintegration index; nevertheless, as a guideline, per 100wt% 
of the freeze-dried composition, the range is generally from 0.1 to less than 100wt%, preferably from 1 to less than 
1 00wt%, more preferably from 1 0 to less than 1 00wt%, particularly preferably from 20 to less than 1 00wt%. 
[0093] Note that, in addition to the above-mentioned components, the freeze-dried composition that is the subject 
of the present invention may have mixed therein various additives, for example for stabilizing the active ingredient(s) 
In solution before drying, for stabilizing the active ingredient(s) after drying, or for preventing the active ingredient(s) 
from sticking to the vessel, provided that the above-mentioned disintegration index is satisfied and the effects of the 
present invention are not impaired. For example, the fre^e-dried composition may contain human serum abumin, 
inorganic salts, surfactants, buffering agents and so on. A wide range of surfactants can be used, regardless of whe^er 
they are anionk) surfactants, cationb surfactants or nonionic surfactants, provided that they are surfactants that are 
generally used in medicines. Preferable examples are nonionic surfactants such as sorbitan trioleate and polyoxyeth- 
ylene sorbitan fatty acid esters (for example Tween type surfactants). 

[0094] The freeze-dried composition for use in the invention encompasses the specific embodiments defined in the 
following items 201 to 220: 

201 . A freeze-drfed composition for transpulmonary administration having the following properties: 

(i) has a non-powder cake-like form, 

(11) has a disintegration index of 0.015 or more, and 

(ill) becomes fine partfcles having a mean partkile diameter of 1 0 microns or less or a fine particle fraction of 
10% or more upon receipt of an air impact having an air speed of at least Im/sec and an air flow rate of at 
least 1 7ml/sec. 

202. The freeze-dried composition according to item 201 , wherein the disintegration index is 0.02 or more. 

203. The freeze-dried composition according to item 201 , wherein the disintegration index is 0.015 to 1 .5. 

204. The freeze-dried composition according to item 201 . becoming fine particles having a mean particle diameter 
of 1 0 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having an air speed 
of at least 2m/sec and an air flow rate of at least 1 7mi/sec. 

205. The freeze-dried composition according to item 201 , becoming fine particles having a mean particle diameter 
of 10 microns or less or a fine particle fraction of 10% or more upon receiving an air impact having an air speed 
in a range of 1 to 300m/sec and an airflow rate of at least 17ml/sec. 

206. The freeze-dried composition according to item 201 , becoming fine particles having a mean particle diameter 
of 1 0 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having an air speed 
of at least 1 m/sec and an air flow rate of at least 20mi/sec. 

207. The freeze-dried composition according to item 201 , becoming fine particles having a mean particle diameter 
of 10 microns or less or a fine particle fraction of 10% or more upon receiving an air impact having an air speed 
of at least 1 m/sec and an air f k>w rate in a range of 1 7ml/sec to 1 Siysec. 

208. The freeze-dried composition according to Item 201 , becoming fine particles having a mean particle diameter 
of 5 mterons or less or a fine particle fraction of 20% or more upon receiving an air impact. 
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209. The freeze-dried composition according to Itenn 201 , containing a synthetic iow-molecuiar>weight dmg as an 
active ingredient. 

21 0. The freeze<lried composition according to item 201 , containing a tiigh-molecuiar-weight drug such as a pro- 
tein, a peptide or the lil<e as an active Ingredient. 

211 . The freeze-dried composition according to item 209, containing a synthetic iow-molecular-weight drug as the 
active Ingredient, and at least one selected from the group consisting of amino adds, dipeptides, tripeptides, and 
saccharides as a carrier. 

212. The freeze-dried composition according to item 21 0, containing a high-moiecular-weight drug such as a pro- 
tein, a peptide or the lilce as the active ingredient, and at least one selected from the group consisting of amino 
acids, dipeptides, tripeptides, and saccharides as a carrier. 

213. The freeze-dried composition according to item 211 , containing a synthetic low-molecutar-weight drug as the 
active ingredient, and at least one selected from the group consisting of hydrophobic amino acids, hydrophobic 
dipeptides, and hydrophobic tripeptides as the carrier. 

214. The freeze-dried composition according to Item 212, characterized by containing a high-moiecular-weight 
drug such as a protein, a peptide or the like as the active ingredient, and at least one selected from the group 
consisting of hydrophobic amino acids, hydrophobic dipeptides, and hydrophobic tripeptides as the carrier. 

215. The freeze-dried composition according to item 201 , being a water-soluble composition. 

216. The freeze-dried composition according to item 201 , containing a single dose of an active Ingredient. 

217. The freeze-dried composition according to item 201, being a freeze-dried composition for transpulmonary 
administration having the following properties: 

(I) has a non-powder cake-like form, 

(II) has a disintegration Index in a range of 0.015 to 1 .5, and 

(III) becomes fine partk^les having a mean partk^le diameter of 1 0 mrcrons or less or a fine parttole fraction of 
10% or nnore upon receiving an air Impact having an air speed In a range of 1 to 300nn/sec and an air flow 
rate in a range of 1 7ml/sec to 1 5L/sec. 

218. The freeze-dried composition according to Item 217, wherein the disintegration index is 0.02 to 1.0. 

21 9. The freeze-dried composition according to item 21 7, wherein the air speed is 1 to 250m/sec. 

220. The freeze-dried composition according to Item 217, wherein the air flow rate Is 20mi/sec to lOL/sec. 

(3) Dry powder Inhalation system for transpulmonary administration 

[0095] The dry powder Inhalation system for transpulmonary administration of the present Invention Is a system that 
combines a freeze-dried composition having a composition such that, by applying an air Impact to the freeze-dried 
composition which exists in a non-powder form having been freeze-dried in a vessel and not subjected to processing 
such as pulverization, the freeze-dried composition can be made Into fine partldes having a mean parttele diameter 
of 1 0 microns or less or a fine parttele fraction of 1 0% or more in the vessel, and a Inhaling device comprising prescribed 
means. According to this dry powder Inhalation system for transpulmonary administration, a user him/herself can pre- 
pare the freeze-dried composition which has been provided In a non-powder form Into a powdered preparation com- 
prising fine partk:les having a mean partble diameter of 1 0 microns or less or a fine particle fraction of 1 0% or more, 
whteh is a preparation suitable for transpulmonary administration, at the time of use (the time of Inhalation) , and ad- 
minister (take) the powdered preparation. 

[0096] To obtain the effects of the dry powder Inhalatton system for transpulmonary administration effectively, it is 
important to select the composition of the freeze-dried composition, the inhaling device, the vessel and so on appro- 
priately. As the Inhaling device, it is preferable to adopt a device comprisingd) means for applying an air impact (or 
means for introducing air) and@ means for discharging fine particles (or means for administering by Inhalation), In 
which, by means for introducing air (means® ) air is introduced into (inflow) a vessel which houses the non-powder- 
fomi freeze-dried composition and the freeze-dried composition is pulverized Into fine partk^les using the impact (jet 
pressure) of the air that has been Introduced into (flowed Into) the vessel, and then, using the means^ for discharging 
fine partk:les, the dried powder composition made into fine particles by meansO) Is discharged from the vessel. Then, 
the fine particles are directly administered to a user. 

[0097] An example of such device Is the dry powder Inhaler of the Invention mentioned eariler. Moreover, the freeze- 
dried composition mentioned eariler is a suitable example of a freeze-dried composition that can easily be made into 
fine particles through an air impact (jet pressure) of external air Introduced Into (flowing Into) the vessel by the means 
for applying an air Impact (means for introducing air) of the above-mentioned device. 

[0098] The dry powder Inhalation system suitable for transpulmonary administration according to the Invention in- 
cludes a vessel housing the freeze-dried composition of the invention and a dry powder inhaler of the invention used 
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In combination at the time of Inhalation. In other words, the dry powder Inhalation system of the Invention, at least when 
used for Inhalation, comprises the vessel housing the freeze<lried composition of the invention and the dry powder 
inhaler of the Invention. 

[0099] According to the system of the invention, by introducing air Into the vessel using the dry powder inhaler for 
applying an air impact having an air speed of at least 1 m/sec and an air flow rate of at ieast 1 7mt/sec to the freeze- 
dried composition in the vessel, a dry powdered preparation having a particle size suitable for transpulmonary admin- 
istration can be olstalned. Furthennore, the system allows transpulmonary administration of the obtained dry powdered 
preparation directly to a user by inhalation. Therefore, the dry powder inhalation system for transpulmonary adminis- 
tration of the invention is a system for producing a dry powdered preparation suitable for transpulmonary administration 
and, at the same time, a system for transpulmonarily administering the dry powder preparation to a user. 
[01 00] The dry powder Inhalation system for transpulmonary administration of the invention encompasses the spe- 
cific embodiments defined In the following itenr)s 301 to 322: 

301 . A dry powder inhalation system for transpulmonary administration, using a combination of: 

(1) a vessel housing a freeze-drled composition that contains a single dose of an active ingredient, and has: 

(I) a non-powder calce-lll(e fomn, 

(II) a disintegration Index of 0.015 or more, and 

(lil) a property of becoming fine particles having a mean particle diameter of 10 microns or less or a fine 
particle fraction of 10% or more upon receiving an air impact having an air speed of at least 1 m/sec and 
an air flow rate of at ieast 17ml/sec; and 

(2) a device comprising means capable of applying said air impact to the freeze-dried composition in said 
vessel, and means for discharging the powder-form freeze-drled composition that has been made into fine 
particles. 

302. The dry powder inhalation system for transpulmonary administration according to item 301 , wherein the vessel 
and the device are used In combination at the time of Inhalation. 

303. The dry powder Inhalation system for transpulmonary administration according to item 301 , wherein the dis- 
integration Index of the freeze-dried composition Is 0.02 or more. 

304. The dry powder inhalation system for transpulmonary administration according to item 301 , wherein the dis- 
integration index of the freeze-dried composition is in a range of 0.015 to 1 .5. 

305. The dry powder inhalation system for transpulmonary administration according to item 301 , wherein the air 
impact of (iii) is generated by air having an air speed of at least 2m/sec and an air flow rate of at least IZml/sec. 

306. The dry powder inhalation system for transpulmonary administration according to item 301 , wherein the air 
impact of (ill) is generated by air having an air speed In a range of 1 to 300m/sec and an air flow rate of at ieast 
1 7ml/sec. 

307. The dry powder inhalation system for transpulmonary administration according to item 301 , wherein the air 
Impact of (ill) is generated by air having an air speed of at least Inn/sec and an air flow rate of at least 20ml/sec. 

308. The dry powder Inhalation system for transpulmonary administration according to item 301 , wherein the air 
Impact of (iii) is generated by air having an air speed of at least 1 m/sec and an air flow rate in a range of 1 7ml/sec 
to 1 5L/sec. 

309. The dry powder inhalation system for transpulmonary administration according to Item 301 , wherein the 
freeze-drled composition has a property of becoming fine particles having a mean particle diameter of 5 microns 
or less or a fine particle fraction of 20% or more upon receipt of an air impact. 

310. The dry powder inhalation system for transpulmonary administration according to item 301, wherein the 
f reeze-dried composition contains a synthetic low-mo lecular-welght drug as the active ingredient. 

31 1 . The dry powder inhalation system for transpulmonary administration according to Item 301 , wherein the f reeze- 
dried composition contains a high-molecular-weight drug such as a protein, a peptide or the lil^e as the active 
Ingredient. 

312. The dry powder inhalation system for transpulmonary administration according to item 310, wherein the 
freeze-drled composition contains a synthetic low-molecuiar-welght drug as the active ingredient, and at least one 
selected from the group consisting of amino acids, dipeptldes, tripeptides, and saccharides as a carrier 

31 3. The dry powder inhalation system for transpulmonary administration according to item 311, wherein the freeze- 
drled composition contains a high-molecuiar-welght drug such as a protein, a peptide or the lilce as the active 
ingredient, and at least one selected from the group consisting of amino acids, dipeptldes, tripeptides, and sac- 
charides as a carrier. 
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314. The dry powder Inhalation system for transpulmonary administration according to item 312, wherein the 
freeze-dried composition contains a synthetic 1ow-molecular*weight drug as the active ingredient, and at least one 
selected from the group consisting of hydrophobic amino acids, hydrophobic dipeptides, and hydrophobic tripep- 
tides as the carrier. 

315. The dry powder inhalation system for transpulmonary administration according to Item 313, wherein the 
freeze-drled composition contains a high-molecular-weight drug such as a protein, a peptide or the like as the 
active Ingredient, and at least one selected from the group consisting of hydrophobic amino acids, hydrophobic 
dipeptides, and hydrophobic tripeptldes as the carrier. 

316. The dry powder inhalation system for transpulmonary administration according to item 301, wherein the 
freeze-dried composition is a water-solubie composition. 

31 7. The dry powder inhalation system for transpulmonary administration according to item 301 , wherein tlie device 
is: 

I) a dry powder inhaler for transpulmonary administration, being a device used for making a freeze-dried com- 
position that has been housed in non-powder fomn in a vessel Into fine particles, and administering the resulting 
fine particles to a user by inhalation, 

connprlsing a needle part having an air jet flow path, a needle part having a discharge flow path, air 
pressure-feeding means for feeding air into the air jet flow path of said needle part, and an inhalation port that 
communicates with the discharge flow path of said needle part, 

and characterized by being constituted such that a stopper that seals up said vessel is pierced by said 
needle parts, thus communicating the air jet flow path and the discharge flow path with the inside of said 
vessel, and air Is jetted into said vessel through said air jet flow path using said air pressure-feeding nneans, 
thus pulverizing said freeze-dried composition Into fine partk^les by the Impact of the jetted air, and discharging 
the fine partk:les obtained from the Inhalation port via said discharge flow path, or 

ii) a dry powder inhaler for transpulmonary administration, being a devk^e used for making a freeze-dried 
composltton that has been housed In non-powder form In a vessel Into fine particles, and administering the 
resulting fine partrcles to a user by inhalation, 

comprising a needle part having a suction flow path, a needle part having an air introduction flow path, 
and an inhalation port that communicates with sakl suction flow path, 

and characterized by being constituted such that, in a state in whk:h a stopper sealing up said vessel 
has been pierced by said needle parts, through the inhalation pressure of the user, air in said vessel is inhaled 
from said inhalation port, and at the same time outside air flows into said vessel, at a negative pressure, 
through said air introduction flow path, and as a result said freeze-dried composition is pulverized Into fine 
particles by the Impact of the air flowing In, and the fine particles obtained are discharged from the lnhalatk>n 
port through said suction flow path. 

31 8. The dry powder inhalation system for transpulmonary administration according to item 31 7, as the devrce, 
using the dry powder inhaler comprising: 

a holder part for holding a vessel that is sealed up with a stopper and houses a freeze-dried composition in a 
non-powder cake-like form that will be made into fine pariicles upon receiving an air impact, 
means for applying an air Impact to said freeze-dried composition In sakl vessel, and sucking said freeze- 
dried composition in a powder-form that has been made Into fine partksles by the air Impact outfrom said vessel, 
a needle part having a suction flow path for sucking said freeze-dried composition out from said vessel, and 
an air introduction flow path for Introducing outside air Into said vessel, 
a suction port that communk^tes with sakl suction flow path of said needle part, 
a guide part for guiding said holder part in the axial direction of said needle part, 

a holder operating part that has a mechanism part for, when said vessel is held by said holder part, advancing 
the vessel towards a needle tip of said needle part to pierce the stopper of the vessel with said needle tip, and 
retreating the vessel from said needle tip to separate the stopper of the vessel from said needle tip, and an 
operator that operates the mechanism part, and Is constituted such that said operating member can be oper- 
ated with a force smaller than the force necessary for the mechanism part to pierce the stopper of the vessel 
with said needle part, 

and a housing that supports said needle part and Is for providing said suction port, said guide part and said 
holder operating part, 

and constituted such that, in a state in which said stopper has been pierced by said needle part to communicate 
the suction flow path and the air introduction flow path of said needle part with the inside of said vessel and 
position the tip of the air introduction flow path at said freeze-dried composition, through the inhalation pressure 
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of a user, air in said vessel is inhaled from said suction port, and air is made to flow into said vessel through 
the air introduction flow path, thus applying an air impact to the freeze-dried composition in said vessel. 



319. The dry powder inhalation system for transpulmonary administration according to item 301 , using a combi- 
nation of: 

(1) a vessel housing a freeze-dried composition that contains a single dose of an active Ingredient, and has: 



(I) a non-powder cake-like form, 
10 (ii) a disintegration index in a range of 0.015 to 1 .5, and 

(iil) a property of becoming fine particles having a mean particle diameter of 10 microns or less or a fine 
particie fraction of 1 0% or more upon receipt of an air Impact having an airspeed in a range of 1 to SOOnrV 
sec and an air flow rate in a range of 1 7ml/sec to ISLysec; and 



15 (2) a device comprising means capable of applying said air impact to the freeze-dried composition in saki 

vessel, and means for discharging the powder-form freeze-dried composition that has l;>een made Into fine 
particles. 

320. The dry powder inhalation system for transpulmonary administration according to item 319, wherein the dis- 
^ integration Index is 0.02 to 1 .0. 

321 . The dry powder inhalation system for transpulmonary administration according to item 319, wherein the air 
speed is 1 to 250m/sec. 

322. The dry powder inhalation system for transpulmonary administration according to Item 319, wherein the air 
flow rate is 20mi/sec to 1 0L/sec. 
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(4) Method of manufacturing a dry powdered preparation 



[0101] Moreover, the present invention relates to a method of manufacturing a dry powdered preparation comprising 
fine particles with a particle diameter suitable for transpulmonary administration (dry powdered preparation fortranspul- 

30 monary administration) by inhalation, by making a freeze-drled composition that has been housed in a non-powder 
form in a vessel into fine particles. The manufacturing method can be implemented in the vessel housing the non- 
powder form freeze-drled composition by applying a predetermined air impact. Specif k^ally, the method of manufac- 
turing the dry powder preparation of the invention can be carried out by applying an air impact having an air speed of 
at least 1 m/sec and an air flow rate of at least 1 7ml/sec to the above-mentioned non-powder fomn f reeze-dried com- 

3s position of the inventx>n. Thereby, the non-powder form freeze-dried composition can be made into a dry powdered 
preparation having a mean partk:le diameter of 1 0 microns or less, preferably 5 mrcrons or less or a fine partkrie fraction 
of 1 0% or more, preferably 20% or more, more preferably 25% or more, and still more preferably 30% or more. The 
method of applying the air impact to the freeze-dried composition is not limited; however, the aisove-mentioned dry 
powder inhaler of the invention is preferably used. 

40 [0102] It is preferable that the manufacturing method be implemented by introducing air capable of applying the 
above-described air impact to a freeze-drled composition into the vessel housing a non-powder freeze-dried compo- 
sition. The method of manufacturing the dry powdered preparation of the invention is characterized in that a patient 
administering the dry powdered preparation can prepare by him/herself the powdered preparation at the time of use 
(inhalation) by making the freeze-dried composition housed in a vessel into fine particles having a partble diameter 

45 suitable for transpulmonary administration. 

[01 03] The method of manufacturing a dry powdered preparation of the inventton encompasses the specifk: embod- 
iments defined in the following items 401 to 424: 

401. A method of manufacturing a dry powdered preparation for transpulmonary administration, comprising: 

50 

introducing air into a vessel to apply to a freeze-dried composition an air impact having an airspeed of at least 
1 m/sec and an air flow rate of at least 17ml/sec using a device capable of applying said air impact to the 
freeze-dried composition in the vessel, 

thereby making said freeze-dried composition into fine particles having a mean particle diameter of 1 0 microns 
55 or less or a fine particle fraction of 1 0% or more; 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 
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(i) has a non-powder cake-like foim, 

(ii) has a disintegration index of 0.015 or more, and 

becomes fine particles having a mean particle diameter of 10 mtorons or less or a fine parttele fraction 
of 1 0% or more upon receipt of the air Impact. 

5 

402. The method of manufacturing a dry powdered preparation for transpuhmonary administration according to 
item 401 , wherein the fine partk:les prepared have a mean particle diameter of 5 microns or less or a fine particle 
fraction of 20% or more. 

403. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
10 item 401 , wherein the disintegration index of the freeze-dried composition is 0.02 or more. 

404. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 401 , wherein the disintegration index of the freeze-dried composition is in a range of 0.01 5 to 1 .5. 

405. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 401, wherein the freeze-dried composition contains a synthetic low-molecular-weight drug as the active in- 

15 gredient. 

406. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
Item 401 , wherein the freeze-dried composition contains a high-molecular-welght drug such as a protein, a peptkie 
or the like as the active ingredient. 

407. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
20 item 405, wherein the freeze-dried composition contains a synthetic low-molecular-weight drug as the active in- 
gredient, and at least one selected from the group consisting of amino acids, dipeptides, tripeptides, and saccha- 
rides as a carrier. 

408. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
Item 406, wherein the freeze-dried composition contains a high-molecular-weight drug such as a protein, a peptide 

25 or the like as the active Ingredient, and at least one selected from the group consisting of amino acids, dipeptides, 

tripeptides, and saccharides as a carrier. 

409. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 407, wherein the freeze-dried composition contains a synthetic low-molecular-weight drug as the active in- 
gredient, and at least one selected from the group consisting of hydrophobic amino acids, hydrophobe dipeptides, 

30 and hydrophobic tripeptides as the carrier. 

410. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
Item 408, wherein the freeze-dried composition contains a high-molecular-weight drug such as a protein, a peptide 
or the like as the active Ingredient, and at least one selected from the group consisting of hydrophobk: amino acids, 
hydrophobic dipeptides, and hydrophobic tripeptides as the carrier. 

35 411 . The method of manufacturing a dry powdered preparation for transpulmonary administration according to 

item 401 , wherein the freeze-dried composition is a water-soluble composition. 

412. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 401 , being a method of making the freeze-dried composition into fine particles in a vessel having a volume 
of 0.2to50ml. 

40 413. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 

Item 401 , carried out by using a device having means capable of applying an air impact having an air speed of at 
least 2m/sec and an air flow rate of at least 1 7ml/sec to the freeze-dried composition in the vessel, and introducing 
air having the air Impact into the vessel housing the freeze-dried composition. 

414. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
45 Item 401 , carried out by using a device having means capable of applying an air Impact having an air speed in a 

range of 1 to 300m/sec and an air flow rate of at least 1 Tml/sec to the freeze-dried composition in the vessel, and 
introducing air having the air impact into the vessel housing the freeze-dried composition. 

415. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 401 , carried out by using a device having means capable of applying an air impact having an air speed of at 

so least 1 m/sec and an air flow rate of at least 20ml/sec to the freeze-dried composition in the vessel, and introducing 

air having the air impact into the vessel housing the freeze-dried composition. 

416. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 401 , carried out by using a device having means capable of applying an air Impact having an air speed of at 
least 1 m/sec and an air flow rate In a range of 17ml/sec to 15L7sec to the freeze-dried composition In the vessel, 

55 and introducing air having the air Impact into the vessel housing the freeze-dried composition. 

417. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 401 , characterized by making the freeze-dried composition into fine particles using the dry powder inhaler of 
item 101 or 102 shown in the section of (1) Dry powder inhaler as the devtoe. 
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418. The method of manufacturing a powdered preparation fortranspulmonary administration according to Item 
41 7, characterized by making the freeze-dried composition into fine particles using the dry powder Inhaler according 
to item 109 shown In the section of (1) Dry powder inhaler as the device. 

419. The method of manufacturing a powdered preparation fortranspulmonary administration according to Item 
41 7, being a method of manufacturing a dry powdered preparation In which the f reeze-dried composition is made 
Into fine particles using the dry powder inhaler according to item 1 01 shown In the section of (1 ) Dry powder Inhaler, 
wherein the amount of air jetted Into said vessel each time using the dry powder inhaler Is 5 to 100ml. 

420. The method of manufacturing a powdered preparation fortranspulmonary administration according to item 
41 7, being a method of manufacturing a dry powdered preparation In which the f reeze-dried composition is made 
into fine particles using the dry powder inhaler of item 1 02 shown in the section of (1 ) Dry powder inhaler, wherein 
the flow rate of air inhalation from the inhalation port using the dry powder inhaler is 5 to 300 iAnin. 

421 . The method of manufacturing a dry powdered preparation for transpufanonary administration according to 
Item 401 , comprising: 

introducing air Into a vessel to apply to a f reeze-dried conposition an air Impact having an air speed in a range 
of 1 to 300m/sec and an airflow rate in a range of 17ml^sec to 15L/sec using a device capable of applying 
said air Impact to the f reeze-dried composition in the vessel, 

thereby malcing said f reeze-dried composition into fine particles having a mean particle dianr^ter of 1 0 microns 
or less or a fine particle fraction of 1 0% or more; 

the f reeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

(i) has a non-powder calce-liice fonri, 

(ii) has a disintegration index in a range of 0.015 to 1 .5, and 

(ill) becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine particle fraction 
of 1 0% or more upon receipt of the air Impact. 

422. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 421 , wherein the disintegration index is 0.02 to 1 .0. 

423. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 421 , wherein the air speed is 1 to 250m/sec. 

424. The method of manufacturing a dry powdered preparation for transpulmonary administration according to 
item 421 , wherein the air flow rate is 20ml/sec to 1 0Usec. 

(5) Transpulmonary administration method 

[01 04] The present Invention further provides a transpulmonary administration method comprising making a f reeze- 
dried composition in a non-powder form into fine particles suitable for transpulmonary administration at the time of 
usage (administration) , and administering the resulting preparation in a powder form with fine particles by inhalation. 
The transpulmonary administration method can be carried out using the above-described dry powder inhalation system 
for transpulmonary administration of the invention comprising the vessel housing the freeze-dried composition of the 
invention and the dry powder inhaler of the invention. 

[0105] The transpulmonary admlriistration method of the invention encompasses the specific embodiments defined 
In the following Items 501 to 522: 

501. A transpulmonary administration method comprising: 

making a freeze-drled composition into fine particles having a mean partrcle diameter of 10 microns or less 
or a fine particle fraction of 1 0% or more by applying an air impact having an air speed of at least 1 m/sec and 
an air flow rate of at least 17ml/sec to the f reeze-dried composition at the time of use, and 
administering the resulting fine particle powder to a user by inhaiatk)n; 

the f reeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

(i) has a non-powder cake-like form, 

(ii) has a disintegration Index of 0.015 or more, and 

(ill) becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine parttele fraction 
of 1 0% or more upon receipt of the air impact. 
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502. The transpulmonary administration method according to item 501 , wherein the freeze-dried composition is 
housed in a vessel, and the fine particle powder are made using a device comprising means capable of applying 
the air Impact to the freeze-dried composition in the vessel and means for discharging the resulting fine particle 
powder-form freeze-dried composition out of the vessel. 
5 503. The transpulmonary administration method according to Item 502, wherein the disintegration Index of the 

freeze-dried composition is 0.02 or more. 

504. The transpulmonary administration method according to Item 502, wherein the disintegration index of the 
freeze-dried composition is in a range of 0.015 to 1 .5. 

505. The transpulmonary administration method according to Item 502, wherein the air impact of (Hi) is generated 
10 by air having an air speed of at least 2m/sec and an air flow rate of at least 1 7ml/sec. 

506. The transpulmonary administration method according to Item 502, wherein the air impact of (Hi) is generated 
by air having an air speed in a range of 1 to 300m/sec and an airflow rate of at least 17ml/sec. 

507. The transpulmonary administration method according to item 502, wherein the air impact of (ill) is generated 
by air having an air speed of at least 1 m/sec and an air flow rate of at least 20ml/sec. 

IS 508. The transpulmonary administration method according to Item 502, wherein the air impact of (ill) is generated 

by air having an air speed of at least 1 m/sec and an air flow rate in a range of 1 7ml/sec to ISL/sec. 

509. The transpulmonary administration method according to item 502, wherein the freeze-dried composition con- 
tains a synthetic low-molecular-welght drug as the active ingredient. 

51 0. The transpulmonary administration method according to Item 502, wherein the freeze-dried composition con- 
20 tains a high-molecular-welght drug such as a protein, a peptide or the lllce as the active ingredient 

511 . The transpulmonary administration method according to item 509, wherein the freeze-dried composition con- 
tains a synthetic low-molecular-welght drug as the active Ingredient, and at least one selected from the group 
consisting of amino acids, dipeptides, tripeptides, and saccharides as a carrier. 

512. The transpulmonary administration method according to item 51 0, wherein the freeze-dried composition con- 
25 tains a high-molecular-welght dmg such as a protein, a peptide or the Wke as the active ingredient, and at least 

one selected from the group consisting of amino acids, dipeptides, tripeptides, and saccharides as a carrier 

51 3. The transpulmonary administration method according to item 51 1 , wherein the freeze-dried composition con- 
tains a synthetic low-molecular-weight drug as the active ingredient, and at least one selected from the group 
consisting of hydrophobic amino acids, hydrophobic dipeptides, and hydrophobic tripeptides as the carrier 

30 514. The transpulmonary administration method according to item 512, wherein the freeze-dried composition con- 

tains a high-molecular-welght drug such as a protein, a peptide or the like as the active ingredient, and at least 
one selected from the group consisting of hydrophobic amino acids, hydrophobic dipeptides, and hydrophobic 
tripeptides as the carrier. 

515. The transpulmonary administration method according to Item 502, wherein the freeze-dried composition is a 
35 water-soluble composition. 

51 6. The transpulmonary administration method according to item 502, being a method of making Into fine particles 
and administering such that the fine particles have a mean partkjie diameter of 5 mterons or less or a fine particle 
fraction of 20% or more. 

517. The transpulmonary administration method according to Item 502, using the dry powder inhaler of Kern 101 
40 or 1 02 shown in the section of (1 ) Dry powder inhaler as the device. 

518. The transpulmonary administration method according to Item 51 7, using the dry powder inhaler of Item 109 
shown In the section of (1) Dry powder inhaler as the device. 

51 9. The transpulmonary administration method according to item 502, wherein the freeze-dried composition has 
the folk>wing properties: 

45 

(I) has a non-powder cake-like fonn, 

(ii) has a disintegration index in a range of 0.015 to 1 .5, and 

(III) becomes fine particles having a mean parttele diameter of 1 0 microns or less or a fine particle fractton of 
10% or more upon receiving an air Impact having an air speed in a range of 1 to 300m/sec and an air flow 
50 rate in a range of 1 7ml/sec to 15Lysec, 

and the fine particles are made using a dry powder inhaler comprising means capable of applying said air impact 
to the freeze-dried composition in the vessel and means for discharging the resulting fine particle powder-fomi 
freeze-dried composition out of the vessel. 
55 520. The transpulmonary administration method according to item 51 9, wherein the disintegration Index is 0.02 to 

1.0. 

521 . The transpulmonary administration method according to Item 519, wherein the air speed is 1 to 250m/sec. 

522. The transpulmonary administration method according to item 519, wherein the air flow rate is 20ml/sec to 
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iOL/sec. 

(6) Use of a freeze-dried composition for transpulmonary administration by inhalation 

[0106] The present invention aiso provides use of a freeze-dried composition In a non-powder form for the transpul- 
monary administration by Inhalation. The use encompasses the specific embodiments defined In the following items 
601 to 622: 

601 . Use of a freeze-dried composition for transpulmonary administration by Inhalation, 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

(i) has a non-powder caice-lilce fomn, 

(11) has a disintegration index of 0.015 or more, and 

(iii) becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine particle fraction of 
10% or more upon receipt of an air Impact having an air speed of at least Im/sec and an air flow rate of at 
least 17ml/sec, and being used by forming Into fine particles having said mean particle diameter or said fine 
particle fraction. 

602. The use of a freeze-dried composition for transpulmonary administration according to item 601 , wherein the 
freeze-dried composition is housed in a vessel, and the fine particles are made using a device comprising means 
capable of applying the air impact to the freeze-dried composition in the vessel and means for discharging the 
resulting fine particle powder-form freeze-drted compositbn out of the vessel. 

603. The use of a freeze-dried composition fortranspulmonary administration according to item 602, wherein the 
disintegration index of the freeze-dried composition is 0.02 or more. 

604. The use of a freeze-dried composition fortranspulmonary administration according to item 602, wherein the 
disintegration index of the freeze-dried composition is in a range of 0.016 to 1 .5. 

605. The use of a freeze-dried composition for transpulmonary administration according to item 602, wherein the 
freeze-dried composition becomes fine particles having a mean particle diameter of 10 microns or less or a fine 
particle f ractton of 1 0% or more upon receiving an air impact having an air speed of at least 2m/sec and an air 
flow rate of at least 1 7ml/sec. 

606. The use of a freeze-dried composition fortranspulmonary administration according to item 602, wherein the 
freeze-dried composition becomes fine particles having a mean particle diameter of 10 microns or less or a fine 
particle fraction of 1 0% or more upon receiving an air impact having an air speed In a range of 1 to 300m/sec and 
an air flow rate of at least 1 7ml/sec. 

607. The use of a freeze-dried composition for transpulmonary administration according to Item 602, wherein the 
freeze-dried composition becomes fine particles having a mean particle diameter of 10 microns or less or a fine 
particle fraction of 10% or more upon receiving an air impact having an air speed of at least Im/sec and an air 
flow rate of at least 20ml/sec. 

608. The use of a freeze-dried composition fortranspulmonary administration according to item 602, wherein the 
freeze-dried composition becomes fine particles having a mean particle diameter of 10 microns or less or a fine 
particle fraction of 10% or more upon receiving an air impact having an air speed of at least Im/sec and an air 
flow rate in a range of 17mi/sec to 1517sec. 

609. The use of a freeze-dried composition fortranspulmonary administration according to Item 602, wherein the 
freeze-dried composition becomes fine particles having a mean particle diameter of 6 microns or less or a fine 
particle fraction of 20% or more upon receiving an air Impact. 

610. The use of a freeze-dried composition fortranspulmonary administration according to Item 602, wherein the 
freeze-dried composition contains a synthetic low-molecular-welght drug as the active ingredient. 

611 . The use of a freeze-dried composition for transpulmonary administration according to item 602, wherein the 
freeze-dried composition contains a high-moiecular-weight drug such as a protein, a peptide or the illce as the 
active ingredient. 

612. The use of a freeze-dried composition fortranspulmonary administration according to item 610, wherein the 
freeze-dried composition contains a synthetic low-molecular-weight drug as the active Ingredient, and at least one 
selected from the group consisting of amino acids, dipeptides, tripeptides, and saccharides as a carrier 

613. The use of a freeze-dried composition for transpulmonary administration according to Item 611 , wherein the 
freeze-dried composition contains a high-molecular-welght drug such as a protein, a peptide or the like as the 
active ingredient, and at least one selected from the group consisting of amino acids, dipeptides, tripeptides, and 
saccharides as a carrier. 
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61 4. The use of a f reeze-dried composition for transpulmonary administration according to ttem 61 2, wherein the 
f reeze-dried composition contains a synthetic low-molecuiar-weight drug as the active ingredient, and at least one 
seiected from the group consisting of hydrophobic amino acids, hydrophobic dipeptides, and hydrophobic tripep- 
tides as the carrier. 

5 61 5. The use of a freeze-dried composition for transpulmonary administration according to item 613, wherein the 

freeze-dried composition contains a high-molecular-weight drug such as a protein, a peptide or the like as the 
active ingredient, and at least one selected from the group consisting of hydrophobic amino acids, hydrophobic 
d (peptides, and hydrophobic tripeptides as the carrier. 

616. The use of a freeze-dried composition for transpulmonary administration according to item 602, wherein the 
10 freeze-dried composition Is a water-soluble composition. 

61 7. The use of a freeze-dried composition for transpulmonary administration according to Item 602, using the dry 
powder inhaler of Item 101 or 1 02 shown in the section of (1 )Dry powder inhaler as the device. 

61 8. The use of a freeze-dried composition for transpulmonary administration according to Item 61 7, using the dry 
powder inhaler of Item 109 shown in the section of (1)Dry powder inhaler as the device. 

IS 61 9. The use of a freeze-dried composition for transpulmonary administration according to Item 602, wherein the 

freeze-dried composition has the following properties: . 

(i) has a non-powder cake-like form, 

(ii) has a disintegration Index in a range of 0.015 to 1 .5, and 

20 (lii) becomes fine particles having a mean partksle diameter of 1 0 microns or less or a fine partk^le fraction of 

10% or more upon receipt of an air impact having an air speed in a range of 1 to 300nri/sec and an air flow 
rate in a range of 17ml/sec to 15L/sec, and the fine particles are made using a device comprising means 
capable of applying the air Impact to the freeze-dried composition in the vessel and means for discharging the 
resulting fine particle powder-form freeze-dried composition out of the vessel. 

25 

620. The use of a freeze-dried composition in transpulmonary administration according to Item 619, wherein the 
disintegration index is 0.02 to 1 .0. 

621 . The use of a freeze-dried composition in transpulmonary administration according to item 619, wherein the 
airspeed is 1 to 250m/sec. 

30 e22. The use of a freeze-dried composition in transpulmonary administration according to Item 619, wherein the 

air flow rate is 20mi/sec to 1 0L/sec. 

(7) Use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary administration 
by Inhalation 

35 

[01 07] Furthermore, the present invention provides use of a freeze-dried composition in a non-powder fomn for man- 
ufacture of a dry powdered preparation for transpulmonary administration by inhalation. The use encompasses the 
specific embodiments defined in the following items 701 to 723: 

40 701 . Use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary admin- 

istration by inhalation, 

the freeze-dried composition having the following properties: 

(i) has a non-powder cake-like form, 
45 (ii) has a disintegration index of 0.015 or more, and 

(ili) becomes fine partfcles having a mean parttele diameter of 1 0 microns or less or a fine parttele fraction of 
10% or more upon receipt of an air impact having an air speed of at least Im/sec and an air flow rate of at 
least 1 7mi/sec, and being used by forming into fine particles having said mean particle diameter or said fine 
particle fraction at the time of use. 

50 

702. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the disintegration index of the freeze-dried compositton is 0.02 or 
more. 

703. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
55 administration according to item 701 , wherein the disintegration index of the freeze-dried composition Is in a range 

of 0.01 5 to 1.5. 

704. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the freeze-dried composition becomes fine particles having a mean 



23 



EP1 402 913 A1 

paiticie diameter of 1 0 microns or less or a fine particie fraction of 1 0% or more upon receipt of an air impact having 
an air speed of at least 2m/sec and an air flow rate of at least 1 Zmt/sec. 

705. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the freeze-dried composition becomes fine particles having a mean 

5 particle diameter of 1 0 microns or less or a fine particle fraction of 10% or more upon receipt of an air inripact having 

an air speed in a range of 1 to 300m/sec and an air flow rate of at least 17ml/Bec. 

706. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the freeze-dried composition becomes fine particles having a mean 
particle diameter of 1 0 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having 

10 an air speed of at least 1 m/sec and an air flow rate of at least 20ml/sec. 

707. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the freeze-dried composition becomes fine particles having a mean 
particle diameter of 1 0 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having 
an air speed of at least 1 m/sec and an airflow rate in a range of 1 7ml/sec to 15L/sec. 

15 708. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 

administration according to item 701 , wherein the freeze-dried composition becomes fine particles having a mean 
particle diameter of 5 microns or less or a fine particle fraction of 20% or more upon receipt of an air Impact. 

709. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the freeze-dried composition contains a synthetic low-molecular- 

20 weight drug as an active ingredient. 

710. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 701 , wherein the freeze-dried composition contains a high-molecular-weight drug 
such as a protein, a peptide or the liice as an active ingredient. 

711 . The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
25 administration according to item 709, wherein the freeze-dried composition contains a synthetic low-nrK>lecular- 

weight drug as the active ingredient, and at least one selected from the group consisting of amino acids, dipeptides, 
tripeptides, and saccharides as a carrier. 

712. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 71 0, wherein the freeze-dried composition contains a high-molecular-weight drug 

so such as a protein, a peptide or the like as the active ingredient, and at least one selected from the group consisting 

of amino acids, dipeptides^ tripeptides, and saccharides as a carrier. 

713. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 711, wherein the freeze-dried composition contains a synthetic low-molecular- 
weight drug as the active Ingredient, and at least one selected from the group consisting of hydrophobic amino 

35 acids, hydrophobic dipeptides, and hydrophobic tripeptides as the carrier. 

714. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to item 712, 

wherein the freeze-dried composition contains a high-molecular-weight drug such as a protein, a peptide or 
the like as the active ingredient, and at least one selected from the group consisting of hydrophobk: amino acids, 
40 hydrophobic dipeptides, and hydrophobic tripeptides as the carrier. 

715. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administration according to Item 701 , wherein the freeze-dried composltk>n is a water-soluble composition. 

716. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administratk)n according to item 701 , wherein the mean parttele diameter of the fine partteles of the powdered 

45 preparation for transpulmonary administration is 5 microns or less or the fine partcle fraction of the fine particles 

is 20% or more. 

717. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
administratbn according to item 701, wherein the freeze-dried composition is housed in a vessel, and the fine 
partk:les are prepared by using a device comprising means for applying a prescribed air impact to the freeze-dried 

so composition housed in the vessel and means for discharging the resulting fine particle powder fonri freeze-dried 

composition out of the vessel. 

718. The use of a freeze-dried composltton for manufacture of a dry powdered preparation for transpulmonary 
administration of Item 717, using the dry powder inhaler according to Item 101 or 102 shown in the section of (1) 
Dry powder inhaler as the device. 

55 719. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 

administration according to item 718, using the dry powder inhaler of item 109 shown in the section of (1) Dry 
powder Inhaler as the deVice. 

720. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary 
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administration according to item 701, using the freeze-dried composition liaving the following properties: 

(i) has a non-powder cake-like fonn, 
{ii) has a disintegration index in a range of 0.015 to 1 .5, and 
5 (iii) becomes fine partk:les having a mean parttele diameter of 1 0 microns or less or a fine parttole fraction of 

10% or more upon receiving an air Impact having an air speed in a range of 1 to SOOm/sec and an air flow 
rate in a range of 17ml/sec to ISUsec. 

721 . The use of a freeze-dried composition for manufacture of a powdered preparation for transpulmonary admin- 
10 istration according to item 720, wherein the disintegration index is 0.02 to 1 .0. 

722. The use of a f reeze-diied composition for manufacture of a powdered preparation for transpulmonary admin- 
istration according to item 720, wherein the air speed is 1 to 2S0m/sec. 

723. The use of a freeze-dried composition for manufacture of a powdered preparation for transpulmonary admin- 
istration according to item 720, wherein the air flow rate is 20ml/^ec to 1 0Usec. 

15 

Examples 

[0108] Following is a detailed description of the present invention, citing examples; however, the present invention 
is not limited to these examples. 
20 [0109] In the following examples, the disintegration index of the non-powder-fomn freeze-dried composition (freeze- 
dried cake) of the present invention, and the fine particle fraction (%), which is an indk^ator for evaluating the delivery 
into the lungs of the dry powdered preparation produced, were calculated in accordance with the following methods. 

<Cateulation of disintegration index> 

25 

[0110] 1 .0ml of n-hexane is instilled gently down the wall of the vessel into the prepared non-powder-fonm freeze- 
dried composition (freeze-dried cake), and agitation is can-ied out for about 1 0 seconds at 3000rpm using an Automatk: 
Lab-Mixer NS-8 (made by Pasolina). The mixture obtained is put into a UV cell (made by Shimadzu GLC Center) of 
optical path length 1mm and optteal path width 10mm, and then the turiDidlty of the mixture is measured immediately 
30 at a measurement wavelength of SOOnm using a spectrophotometer (UV-240, made by Shimadzu Corporation). The 
value obtained by dividing the turi3idity obtained by the total formulation amount (the total amount (weight) of the active 
ingredient and the carrier) is taken as the disintegratbn index. 

<Calculation of fine particle fraction> 

35 

[0111] A vessel filled with the prepared non-powder-fomn freeze-dried composition is installed into the dry powder 
inhaler, and using the device a prescribed air impact is applied on the composition, and the fine powdered preparation 
thus produced is discharged directly into apparatus A (a twin impinger: made by Copley, UK) as mentioned in the 
European Pharmacopoeia (Third Edition Supplement 2001, p1 13-1 15). After this, the solvents in stage 1 and stage 2 

40 of the apparatus are respectively collected, and the active ingredient contained in each solvent in the stage 1 or stage 
2 is assayed using an appropriate method in accordance with the type of active ingredient in the freeze-dried compo- 
sition, for example a bioassay method or IHPLC (see the report of Lucas et al. (Phamrr. Res., 15 (4), 562-569 (1996)) 
and the report of iida et al. (Yakugaku Zasshi, 119 (10), 752-762 (1999)). The fraction that can be expected to be 
delivered into the lungs is that in stage 2 (the aerodynamte diameter of particles recovered in this fraction is 6.4^m or 

45 less); the proportion of the active ingredient that reaches stage 2 and Is recovered here is generally called the fine 
parttele fraction (the amount that can be expected to reach the lungs), and is taken as a yardstk^k for evaluating the 
suitability as an inhalation for transpulmonary administration. 

[0112] In the Examples and Comparative Examples given below, the active ingredients contained in stage 1 and 
stage 2 were quantitated, and the weight amount of the active ingredient in stage 2 was divided by the total weight 
so amount of the active ingredients jetted out (the total weight amount of the active ingredients contained in stage 1 and 
stage 2: hereinafter also referred to as "Stage 1 + Stage 2") to calculate fine particles fraction. Moreover, as a rule in 
the European Pharmacopoeia, when using the twin Impinger (made by Copley, UK), it is stipulated that suctton is 
carried out at an air suction flow rate of 60 LAnin, I.e. 1 L/sec, and hence in the examples and comparative examples 
below this was followed. 

55 

Embodiment 1 Dry powder inhaler (jet type 1 ) 

[0113] A description of an embodiment of the jet type dry powder inhaler used in the present invention will now be 



25 



EP1 402 913A1 



given using Fig. 1.The dry powder inhaler is an air jet type apparatus for breaking down into fine particles and delivering 
into the lungs a unit or a plurality of doses of a non-powder-form freeze-dried composition 2 housed at the bottom of 
a vessel 1 , and comprises a needle 5 that has an air jet flow path 3 and a discharge flow path 4, an air Intake mennber 
7 that has an Inhalation port 6 and is attached to a base end of the needle part 5, a tubular safety cover 8 that surrounds 

s the needle part 5 and also holds the vessel 1 , and air pressure-feeding means 9. 

[01 1 4] The air pressure-feeding means 9 is manually operated and comprises a tubular bellows body 1 0. An Irrtake 
port 12 equipped with an Intake valve 1 1 , and a discharge port 1 4 equipped with a discharge valve 1 3 are provided in 
the bellows body 10. The discharge port 14 is attached to a connecting port 16 fonned at the base end of the air jet 
flow path 3 of the needle part 5, and communicates with the air jet flow path 3. By applying a compressive force to the 

10 bellows body 1 0 and thus contracting the bellows body 1 0 in a state in which the intake valve 1 1 is closed, the discharge 
valve 13 Is opened, and air in the bellows body 10 is discharged into the vessel 1 from the discharge port 14 via the 
air jet flow path 3. When the compressive force is released, on the other hand, the bellows body 10 expands due to 
the elastic restoring force of the belk)ws body 10, and in a state In which the discharge valve 13 Is closed, the intake 
valve 11 opens, and air is Introduced into the bellows body 10. 

IS [0115] When using the dry powder inhaler, as shown in fig. 1 , the vessel 1 is inserted Into the tubular safety cover 
8, and a stopper 1 a of the vessel 1 is pierced by the needle part 5, thus communicating the air jet f tow path 3 and the 
discharge flow path 4 with the inside of the vessel 1 . In this state, if the bellows body 10 of the air pressure-feeding 
means 9 is contracted to discharge air from the discharge port 14, then this air passes through the air jet flow path 3 
and is jetted out from the tip of the needle part 5 towards the freeze-dried composition 2 in the vessel, and due to the 

^ resulting air impact the freeze-dried composition 2 becomes fine particles, which then pass through the discharge flow 
path 4 of the needle part 5 and. are discharged from the inhalation port 6 of the air Intake member 7. The user (patient) 
Inhales these fine particles from the inhalation port 6 of the air Intake member, whereupon the fine partk;tes of the 
freeze-dried composition 2 are delivered Into the lungs of the user (patient). The material of the stopper of the vessel 
for use in the invention Is not limited, and can be selected from materials usually used for a stopper of a vessel for 

25 holding a drug or compound, such as rubber, plastic, aluminum or the like. 

[01 1 6] With this jet type dry powder Inhaler, the air jet amount is set to be about 20ml, the volume of the vessel about 
6ml, the bore (diameter) of the air jet flow path 3 about 1 .2mm, and the bore <diameter) of the discharge flow path 4 
about 1 .8mm, 

[0117] Note, however, that there is no limitation to this. The preferable range for the bores of the air jet flow path 3 
30 and the discharge flow path 4 varies according to the size of the vessel and so on. These bores can be selected as 
appropriate from a range of 0.3 to 10mm, preferably 0.3 to 7mm, more preferably 0.6 to 6mm. 
[0118] Moreover, regarding the air pressure-feeding means 9, the discharge amount of fine particles required for 
administration by Inhalation can be adjusted by adjusting the speed of compression of the bellows body 1 0. Adjustment 
can also be carried out by such air Jet such that most of the freeze-dried composition 2 is broken down into fine partk^les. 

35 

Embodiment 2 Dry powder inhaler (self-Inhaling type 1) 

[0119] A description of an embodiment (first embodiment) of the self-inhaling type dry powder inhaler used in the 
present invention will now be given using Fig. 2, The dry powder inhaler shown in Fig. 2 comprises a needle part 5 
40 having a suction flow path 1 6 and an air introduction flow path 17, a tubular safety cover 8, and an air intake member 
1 9 that has an inhalation port 1 8 and communicates with the suction flow path 1 6. The air Intake member 1 9 isconnected 
to the base end of the suction flow path 16 of the needle part 6. 

[0120] When using the dry powder Inhaler, as shown in Fig. 2, the vessel 1 is Inserted Into the tubular safety cover 
8, and an stopper 1 a of the vessel 1 is pierced by the needle part 6, thus communicating the suction flow path 1 6 and 

^ the air introduction flow path 1 7 with the Inside of the vessel 1 . In this state, through the Inhalation pressure of the user 
(patient), air in the vessel 1 is sucked in from the inhalation port 1 8 via the suction flow path 1 6, and at the same time 
outside air flows into the vessel 1 , which is now at a negative pressure, from the air introduction flow path 17. At this 
time, the freeze-dried composition 2 is made into fine particles through the air impact acting on the freeze-dried com- 
position 2, and the fine partk:les produced are delivered into the user's (patient's) lungs from the inhalation port 18 via 

50 the suction flow path 1 6. 

[0121] Moreover, with this dry powder Inhaler, setting Is carried out such that most of the freeze-dried composition 
2 is made Into fine particles and discharged from the inhalation port 18 through one Inhalation of the user (patient). It 
is considered that the air flow rate of one Inhalation of the user (patient) Is 6 to 300 LAnin, preferably 10 to 200 L/mIn, 
more preferably 10 to 100 L/min, but the design of the self-inhaiing type dry powder inhaler of the present Invention is 

55 modified as appropriate In accordance with the respiratory ability of the user (patient) using the devtoe. With the dry 
powder inhaler shown in Fig. 2, in accordance with the respiratory ability of the user (patient) in question, the volume 
of the vessel has been set to about 10ml, and the bores of the air introduction flow path 17 and the suction flow path 
16 to about 1 .6mm. As a result, the settings are such that the freeze-dried composition 2 is made Into fine particles 
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and discharged from the inhalation port 16 with virtually none left behind through one inhalation of the user<patlent). 
Embodiment 3 Dry powder Inhaler (self-inhaling type 2) 

s [0122] A description of an embodiment (second embodiment) of the self-lnhaling type dry powder inhaler used in 
the present invention will now be given using Fig. 3. The dry powder inhaler shown in Fig. 3 is the same as the jet type 
dry powder inhaler shown In Fig. 1 with the bellows body 1 0 used for pressure-feeding air removed from the connecting 
port 15. The discharge flow path 4 of the Jet type dry powder inhaler of Fig. 1 corresponds to a suction flow path 16, 
the air Jet flow path 3 to an air introduction flow path 1 7, and the air intake member 7 having the inhalation port 6 to an 

10 air intake member 1 9 having an inhalation port 18. 

[0123] When using the self-inhaling type dry powder inhaler in question, the main points are the same as wrth the 
dry powder inhaler shown in Fig. 2. Through the Inhalation pressure of the user (patient), air in the vessel 1 is sucked 
in from the inhalation port 1 8 via the suction flow path 1 6, and at the same time outside air flows into the vessel 1 , 
which is now at a negative pressure, from the air introduction flow path 17. The freeze-dried composition 2 is made 

15 Into fine particles through the air impact produced accompanying this inflow of air. The fine particles produced are then 
delivered into the user (patient's) lungs from the inhalation port 18. As mentioned before, the air flow rate for one 
inhalation of the user (patient) is generally in a range of 5 to 300 L/hninute; however, with the dry powder inhaler shown 
in Fig. 3. in accordance with the respiratory ability of the user (patient) in question, the volume of the vessel was set 
to about 5ml, the bore (diameter) of the air introduction flow path 1 7 to about 1 .2mm, and the bore (diameter) of the 

20 suction flow path 1 6 to about 1 .8mm. As a result, the settings are such that most of the freeze-dried composftton 2 is 
made into fine particles and discharged from the inhalation port 1 8 through one inhalation of the user (patient). 
[0124] If the self-inhaling type dry powder inhaler is constituted in this way, then by detachably installing air pressure- 
feeding means 9 such as a bellows body 1 0 into the connecting port 15, the self-inhaling type dry powder inhaler can 
be changed Into a Jet type. A single dry powder inhaler can thus be used as either a self-inhaling type or a jet type as 

25 desired. 

[01 25] Each of the above dry powder Inhalers of the present Invention, regardless of whether It Is a self-inhaling type 
or a Jet type, can be constituted such that it is possible to select and set the size of the air impact such that the freeze- 
dried composition becomes fine particles of mean partble diameter 10 microns or less, preferably 5 mk^rons or less, 
and flies out with almost 
30 none left behind. 

Embodiment 4 Dry powder inhaler (self -inhaling type 3) 

[0126] A description of an embodiment (third embodiment) of the self-inhaling type dry powder inhaler used in the 
35 present invention will now be given using Figs. 4 to 10. Fig. 4 Is a perspective view showing the dry powder inhaler, 
and Fig. 5 is a sectional view showing the dry powder inhaler. Moreover, Fig. 6(a) is a partial sectional view showing 
a needle part 5 and a suction port 31 of the dry powder inhaler, and (b) is a side view of the needle part 5. Furthenmore, 
Figs. 7 to 10 are sectional views for explaining the operatk>n of the dry powder inhaler. 

[0127] The dry powder Inhaler comprises a needle part 5 in whk:h are fomned a suctton flow path 16 and an air 
40 Introduction flow path 1 7, a holder part 22 for holding a vessel 1 , a housing chamber 20 for housing the vessel 1 via 
the holder part 22, a guide part 23 provided in the housing chamber 20 for guiding the holder part 22 in the axial 
direction of the needle part 5, and a holder operating part 24 for advancing and retreating the holder part 22 along the 
guide part 23; these are all housed in a tubular housing 21 . Moreover, a mouthpiece 32 that has a suction port 31 and 
communicates with the suction flow path 1 6 of the needle part 5 is provided at a tip of the housing 21 . 
45 [0128] As shown In Fig. 7, In detail the housing 21 is formed from a housing main body 26 in whteh is fornied a 
removal/Insertion port 25 in a position in whk:h the holder part 22 is retreated, and a lid 27 that opens and closes the 
removal/insertion port 25. The lid 27 is connected to the housing main body 26 by a hinge 21 A, and a window 28 for 
verifying whether the vessel 1 has been loaded is provided in the lid 27. 

[0129] An introduction port 29 for introducing outside air is provided in a wall of the housing 21 , and a check vatve 
50 30 is installed at the introduction port 29. Moreover, the mouthpiece 32 is provided at the tip of the housing 21 . The 
suction port 31 of the mouthpiece 32 is covered by a cap 32a when the dry powder inhaler is not being used. 
[0130] A flange-shaped partition part 33 is fomried at the base end of the needle part 6, and an end of the air intro- 
duction flow path 1 7 passes through the partition part 33 and opens out in an outer peripheral direction of the partitton 
part 33. Moreover, a peripheral wall part 34 extends from an outer rim part of the partition part 33 towards the suction 
55 port 31 of the mouthpiece 32. The needle part 5 is installed into the housing 21 by fitting the partition part 33 into the 
tip part of the housing 21 . Through this installation, the axial direction of the housing 21 and the axial direction of the 
needle part 5 are aligned with one another. 

[0131] A remover 35 for lifting the vessel 1 up from the base of the holder part 22 and removing the vessel 1 is 
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attached to the holder part 22, and a lever 36 for lifting the vessel 1 up Is formed on the remover 36. 
[0132] The holder operating part 24 connprises a nnechanism part 37 for moving the holder part 22 back and forth 
along the axial direction of the housing 21 , and an operating lever for operating the mechanism part 37. The mechanism 
part 37 comprises a connector 39. One end of the connector 39 is connected to the holder part 22 by a hinge 40, and 
the other end of the connector 39 is connected to the lid 27 by a hinge 41. The lid 27 Is also used as the above- 
mentioned operating lever. By opening and closing the lid 27, the holder part 22 is advanced and retreated along the 
guide part 23. 

[0133] The point of action of the force for pushing down the lid 27 Is shown by the arrow C in Fig. 7. That Is, the 
distance from the hinge 21 A to the point of action Is made to be longer than the distance from the hinge 21 A to the 
hinge 41 . As a result, through the lever principle, the lid (operating lever) 27 can be operated by a force smaller than 
the force necessary to pierce the stopper 1 a of the vessel 1 with the needle part 6. 

[0134] Moreover, as shown in Fig. 6, second introduction paths 42 for supplementary Introduction of air are formed 
in the dry powder inhaler. When sucking the freeze-dried composition that has been made into a powder from the 
mouthpiece 32, outside air passes through these second introduction path 42 and flows to the suction port 31 of the 
mouthpiece 32. As a result, the dry powder inhaler can be used without imposing a burden even by a user (patient) 
having reduced pulmonary capacity or a child patient. Note that the second introduction paths 42 may be omitted. 
[0135] Introduction grooves 42a are provided in the partition part 33 of the needle part 5 and introduction grooves 
42b are provided in the peripheral wall part 34. By fitting the mouthpiece 32 Into the peripheral wall part 34 of the needle 
part 5, the second Introduction paths 42 are thus fomned from the mouthpiece 32 and the introduction grooves 42a 
and 42b. 

[0136] A slight gap 43 is fonned between the mouthpiece 32 and the housing 21 , and one end 44 of the second 
introduction paths 42 opens out to the outside via the gap 43. while the other end 45 of the second introduction paths 
42 opens out into the suction port 31 of the mouthpiece 32. 

[01 37] Moreover, as shown in Fig. 6, a wall 47 having vent holes 46 Is provided In the suction port 31 . Consequently, 
even in the case that the air impact applied to the f reeze-drled composition 2 is small due to a lack of suction foRce or 
the tike, and part of the freeze-dried composition 2 is not made into a powder, the non-powder part can be made Into 
a powder when passing through the vent holes 46 of the wall 47. 

[0138] Moreover, as shown in Fig. 6(a), a tip opening 17a of the air introduction flow path 17 of the needle part 6 Is 
made to be closer to the freeze-dried composition 2 than a tip opening 16a of the suction flow path 16. As a result, 
dropping of the flow speed of the air that flows into the vessel 1 from the tip opening 17a of the air Introduction flow 
path 1 7 can be suppressed as much as possible, and hence an effective air Impact can be applied to the freeze-dried 
composition 2. Moreover, because the tip opening 16a of the suction flow path 16 of the needle part 5 Is further from 
the freeze-dried composition 2 than the tip opening 1 7a of the air introduction flow path 1 7, making of the freeze-dried 
composition 2 can be made to Into a fine powder in the vessel 1 as much as possible before l3eing sucked Into the air 
Introduction flow path 1 6 of the needle part 5. 

[0139] The dry powder Inhaler is used as follows. Firstly, the lid 27 is lifted up to open the removal/insertion port 25 
of the housing 21 as in Fig. 7, whereby the holder part 22 is pulled backwards to reach the removal/insertion port 25 
of the housing 21 . Next, the vessel 1 is installed in the holder part 22 with the stopper la facing fonAfards. Next, the lid 
27 is pushed down to close the removal/insertion port 26 of the housing 21 as in Fig. 8, whereby the holder part 22 is 
pushed towards the needle part 5 by the connector 39, and the stopper 1 a of the vessel 1 is pierced by the tip of the 
needle part 6, thus communicating the suction flow path 16 and the air Introduction flow path 17 of the needle part 6 
with the inside of the vessel 1 . Next, air In the vessel 1 is sucked from the suction port 31 of the mouthpiece 32 through 
the suction flow path 1 6 of the needle part 5 by the inhalation pressure of the user (patient). At this time, the inskle of 
the vessel 1 becomes a negative pressure and the check valve 30 opens, and outside airflows Into the vessel 1 through 
the air introduction flow path 17 of the needle part 5. As a result, an air impact Is generated In the vessel 1 and the 
freeze-dried composition 2 is broken down Into fine particles, and the fine particles prepared are delivered Into the 
user's (patient's) lungs from the suction port 31 via the suction flow path 16. After use, the lid 27 is lifted up to pull the 
holder part 22 back up to the removal/insertion port 25 of the housing 21 , and then the remover 35 is lifted up by the 
lever 36 and the vessel 1 is removed from the holder part 22. 

[0140] Even If air is conversely blown into the vessel 1 from the suction port 31 of the mouthpiece 32, discharge to 
the outside of the freeze-dried composition 2 made into fine particles is prevented by the check valve 30. 
[01 41 ] As mentioned before, the air flow rate of one inhalation of the user (patient) is generally in a range of 5 to 300 
L/min, but with the dry powder inhaler shown in Figs. 4 to 10, in accordance with the respiratory ability of the user 
(patient), tiie volume of the vessel 1 has been set to about 6 ml, the bore (diameter) of the air Introduction flow path 
1 7 to about 2.5 mm, and the bore (diameter) of the suction flow path 1 6 to about 2.5 mm. As a result, the settings are 
such that most of the freeze-dried composition 2 Is made into fine particles and discharged from the suction port 31 
through one inhalation of the user (patient). 

[0142] Other embodiments of the dry powder inhaler (self-inhaling type) are shown in Figs. 11 to 13. 
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[0143] With the dry powder inhaler (self-inhaiing type 4) shown in Fig. 11 , an operating menr>ber 48 is provided so 
as to be freely rotatable in the circumferential direction of the housing 21 as shown by the arrow. The mechanism part 
of the holder operating part, which is not shown in the drawing, comprises a spiral groove and a follower that engages 
into the same; when the operating member 48 is rotated, this rotation is converted to linear movement of the holder 

s part 22 in the axial direction of the needle part 5. Note that the angle of rotation of the operator 48 is about 1 80Q. 
[0144] With the dry powder inhaler (self-inhaling type 5) shown in Fig. 12 and Fig. 13, an annular operating member 
49 is installed so as to be freely rotatable in the housing 21 . The mechanism part of the holder operating part, which 
is notshown in the drawing, comprises a feed screw; when the operating member 49 is rotated, this rotation is converted 
to linear movement of the holder part 22 In the axial direction of the needle part 5. The holder part 22 can be withdrawn 

10 from the back of the housing 21 . 

Examples 1 to 13. Comparative Examples 1 to 4 

[0145] An interferon-a (IFN-a) stock liquid (potency: 2x107|U/ml) was desalinated using an ultrafltter membrane 
IS (Ultrafree 15, made by Millipore). 0.25ml of the desalinated IFN-a stock liquid obtained and 2mg of any of various 
carriers as shown in Table 1 were filled into vessels (trunk diameter 18mm), being made up with distilled water for a 
injection (injection distilled water) such that the volume was 0.5ml per vessel, and freeze-drying was canrled out using 
a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-form (cake- 
like) f reeze-dried composition (f reeze-dried cake) obtained was calculated. Next, a vessel containing the non-powder- 
^ fonn f reeze-dried composition (f reeze-dried cake) obtained was installed in a jet type dry powder inhaler (having a 
bellows body 1 0 capable of supplying an amount of air of about 20ml; Fig. 1) designed such that the bore of the air jet 
flow path 3 was 1 .2mm and the bore of the discharge flow path 4 was 1 .8mm. 

[01 46] It was verified that, by introducing an amount of air of about 20ml from the dry powder inhaler into the vessel 
(giving an air impact arising through an air speed of about 35m/sec and an air flow rate of about 40ml/sec), the non- 

^ powder-fomi f reeze-dried cake In the vessel was made into fine particles, and the fine particles were jetted out from 
the vessel via the discharge flow path 4 In an instant. The fine particles were collected using a particle size distribution 
meter (Aerosizer: made by Amherst Process Instrument, inc., USA; R.W. Niven: Phannaceutical Technology, 72-78 
(1993)) fitted with an Aerobreather (made by Amherst Process Instrument, Inc., USA, R.W. Niven: Phannaceutteal 
Technology, 72-78 (1 993)), which Is an artificial lung model capable of directly measuring the partk:le size distribution 

30 of the particles Jetted out from the vessel (measurement conditions: breath rate: 60 LVmin, breath volume: 1 L, accel- 
eration: 19); the particle size distribution of the fine particles that had been made was thus measured, and the mass 
median aerodynamic diameter (jim ± SD) was calculated from the particle size distribution. The disintegration index, 
and the mass median aerodynamic diameter (^m ± SD) of the fine partbles jetted out from the inhaler are shown in 
Table 1 for each of the freeze-dried composittons. 

<Table 1> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (^m ± SD, 








MMAD) 


Examples 


1. 


IFN-a + isoleucine 


0.225 


1.614±1.590 


2. 


IFN-a + valine 


0.173 


1.091 ±1.390 


3. 


IFN-a + leucine 


0.221 


1.12QJ:1.416 


4. 


IFN-a + phenylalanine 


0.264 


1 .063±1 .405 


5. 


IFN-a + alanine 


0.168 


1.456± 1.403 


6. 


IFN-a + glycine 


0.171 


1.951 ±1.41 9 




IFN-a + p-alanine 


0.109 


2.420± 1.525 


8. 


IFN-a + y-aminobutyric add 


0.139 


2.103±1.546 


9. 


IFN-a + taurine 


0.136 


2.132±1.526 


10. 


IFN-a + D-mannitol 


0.180 


2.128±1.575 


11. 


IFN-a + lactose 


0.077 


2.848± 1.837 


12. 


IFN-a + p-cydodextrin 


0.176 


3.70Q±1 .526 


13. 


IFN-a + PEG4000 


0.161 


2.759±1.577 


Comparative Examples 


1. 


IFN-a + dextran 40 


0.002 


Didnt scatter at all, measurement impossible 
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<Table1> (continued) 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diam^er (p.m ± SD, 
IVII^AD) 


Comparative Examples 


2. 


IFN-a + dextran 70 


0.002 


Didnt scatter at all, measurement impossible 


3. 


IFN-a + chondroitin sulfate 


0.001 


Didnt scatter at all, measurement impossible 


4. 


IFN-a + pullulan 


0.001 


Didnl scatter at all, measurement Impossible 



10 



IS 



20 



[0147] For all of the examples and comparative examples, the freeze-dried composition containing the If N-a and 
the carrier shown in Table 1 was a non-powder-f onn cake-lil<e mass (freeze-dried cake) at the time of freeze-drying. 
As can be seen from Table 1 , the non-powder-form freeze-dried cakes having a disintegration index of 0. 002 or less 
(Comparative Examples 1 to 4) were not disintegrated by the air impact arising through an air speed of about 35m/sec 
and an air flow rate of about 40mt/sec, and hence it was not possible to make fine particles. On the other hand, the 
non-powder-f onn freeze-dried cakes showing a disintegration Index of 0.077 or more (Examples 1 to 13) were disin- 
tegrated by the air impact arising through an air speed of about 35m/sec and an air flow rate of about 40ml/sec, 
becoming fine particles of mass median aerodynamk: diameter less than 5 microns, i.e. becoming a fine-particle-form 
powdered preparation suitable for transpulmonary administration. 

[0148] For Examples 1, 2, 3, 4, 5 and 6, the particle size distributions of the fine partk^les jetted out from the dry 
powder inhaler are shown in Figs. 14, 15, 16, 17, 18 and 19 respectively 



Examples 14 to 26. Comparative Examples 5 to 8 

2s [01 49] 5^1 of an interleukin-1 a (lL-1 a) stock liquid (potency: 1 x 1 0^U/ml) and 2mg of any of various earners as shown 
in Table 2 were filled into vessels (trunk diameter 18mm), being made up with injection distilled water such that the 
volume was 0.5ml per vessel, and freeze-drying was carried out using a shelf-type freeze-dryer (Lyovac GT-4, made 
by Leybold). The disintegration index of the non-powder-fomi (cake-like) freeze-dried composition <freeze-dried cake) 
obtained was calculated. Next, a vessel filled with the non-powder-f onn freeze-dried composition (freeze-dried cake) 

30 obtained was installed in a Jet type dry powder inhaler (having a beibws body 10 capable of supplying an anK>unt of 
air of about 20ml; Fig. 1 ) designed such that the bore of the air Jet flow path 3 was 1 .2mm and the tx>re of the discharge 
flow path 4 was 1 .8mm. 

[0150] As In Examples 1 to 13, this Inhaler was attached to an Aeroslzer (made by Amherst Process Instrument, 
Inc. , USA) fitted with an Aerobreather, which is an artificial lung model, and an amount of air of about 20ml was 

35 introduced into the vessel from the Inhaler, thus applying an air Impact arising through an air speed of about 35m/sec 
and an air flow rate of about 40ml/sec to the freeze-dried cake. As a result, air was introduced from the air jet flow path 
3 of the Jet type dry powder inhaler Into the vessel 1, and it was observed that the non-powder-form freeze-dried 
composition in the vessel was made into fine particles by the air impact. The particle size distribution of the fine partrcies 
was measured using the Aerosizer fitted with the Aerobreather (measurement conditions: breath rate: 60 lymin, breath 

40 volume: 1 L, acceleration: 19). The mass median aerodynamic diameter (pm ± SD) was then cateulated from the 
particle size distribution of the fine particles Jetted out from the inhaler. The disintegration index and the mass median 
aerodynamic diameter (fim ± SD) are shown in Table 2 for each of the freeze-dried compositions. 



<Table 2> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (^nrttSD, 










Examples 


14. 


IL-la + isoleucine 


0.172 


1.639±1.527 


15. 


IL-1a + valine 


0.195 


1 .337+1 .440 


16. 


lL-1a + leucine 


0.220 


1.115±1.464 


17. 


IL-lo + phenylalanine 


0.314 


1.391±1.496 


18. 


IL-1a + alanine 


0.129 


2.070±1 .647 


19. 


lL-1a + glycine 


0,110 


1 .978±1 .420 


20. 


IL-1a + p-alanlne 


0.106 


2.204±1.509 


21. 


lL-1a + Y-aminobutyric acid 


0.166 


2.149±1.534 


22. 


IL-1 a + taurine 


0.147 


2.026+1.520 



45 



SO 
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<Table 2> (continued) 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter <p,ni±SD, 








MMAD) 


Examples 


23. 


IL-1a + D-mannitol 


0.124 


1 .765±1 .460 


24. 


IL-I0 + lactose 


0.097 


3.681±1 .851 


25. 


IL-I0 + p-cyclodextrin 


0.178 


3.234±1.515 


26. 


lL-1a + PEG4000 


0.116 


2.494±1 .547 


Comparative Exannpies 


5. 


lL-1a + dextran 40 


0.001 


Didnt scatter at all, measurement impossible 


6. 


lL-1a + dextran 70 


0.002 


Didnt scatter at all, measurement impossible 


7. 


IL-1a + chondroitin sulfate 


0.001 


Didn't scatter at all, 


8. 


IL-1a + pullulan 


0.001 


measurement impossible Didnt scatter at all, 








measurement impossible 



[0151] Each of the freeze-dried compositions containing the I L-1 a and the carrier shown in Table 2 was a non-powder- 
50 fomri cake-like mass (freeze-dried cake) at the time of f reeze-drying. As can be seen from Table 2, the non-powder- 
fomn freeze-dried cakes having a disintegration Index of 0.002 or less (Comparative Examples 5 to 8) were not disin- 
tegrated by the air Impact arising through an air speed of about 35m/sec and an air flow rate of about 40ml/sec, and 
hence It was not possible to make fine particles. On the other hand, the non-powder-fomn freeze-dried cakes showing 
a disintegration index of 0.097 or more (Examples 14 to 26) were disintegrated by the air impact arising through an air 
25 speed of about 35m/sec and an airflow rate of about 40ml/sec, becoming fine partteles of mass median aerodynamte 
diameter less than 5 microns, i.e. becoming a fine-particle-fonn powdered preparation suitable for transpulmonary 
administration. 



Examples 27 to 37 

30 

[0152] An interferon-Y (IFN-7) stock liquid (potency: 1 xlO^IU/ml) was desalinated using an ultrafilter membrane 
(Ultrafree 1 5, made by Milllpore). 0.01 ml of the desalinated IFN-y stock liquid obtained and any of various carriers as 
shown In Table 3 were filled into vessels (trunk diameter 1 8mm), the volume was made up with Injection distilled water 
to 0.5ml per vessel, and freeze-drying was carried out using a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). 
35 The disintegration Index of the non-powder-form (cake-like) freeze-dried composition (freeze-dried cake) obtained was 
calculated. Next, a vessel filled with the non-powder-fomi freeze-dried composition (freeze-dried cake) obtained was 
installed in a jet type dry powder inhaler (having a bellows body 10 capable of supplying an amount of air of about 
20ml; Fig. 1) designed such that the bore of the air jet flow path 3 was 1 . 2mm and the bore of the discharge flow path 
4 was 1 .8mm. 

40 [0153] As in Examples 1 to 13, this inhaler was attached to an Aeroslzer (made by Amherst Process Instrument, 
Inc. , USA) fitted with an Aerobreather, which is an artlfteiai lung model, and an amount of air of about 20ml was 
introduced Into the vessel from the inhaler, thus applying an air impact arising through an airspeed of about 35m/sec 
and an ai r flow rate of about 40ml/sec to the freeze-dried cake. As a result, air was introduced from the air jet flow path 
3 of the jet type dry powder inhaler Into the vessel 1 , and it was observed that the no n -powder-form freeze-dried 

45 composition in the vessel was made into fine particles by the air Impact. The particle size distribution of the fine particles 
was measured using the Aeroslzer fitted with the Aerobreather (measurement conditions: breath rate: 60 LVmin, breath 
volume: 1 L, acceleration: 19). The mass median aerodynamic diameter (^m ± SD) was then calculated from the 
particle size distribution of the fine particles jetted out from the inhaler. 

[0154] Moreover, to calculate the fine particle fraction (%) of the fine particles for each freeze-dried composition and 
so thus evaluate the efficiency of delivery into the lungs, an air Impact arising through an air speed of about 35m/sec and 
an air flow rate of about 40ml/sec was applied to the freeze-dried cake filled into a vessel using the dry powder inhaler, 
and the resulting powdered flne-partlcle-fonn freeze-dried composition was discharged directly into a twin impinger 
(made by Copley, UK). After this, the solvents in stage 1 and stage 2 were collected, the IFN-yin the stage 1 and stage 
2 solvents were assayed using a bioassay method. The value obtained by dividing the amount (weight) of FN-y obtained 
55 in stage 2 by the total amount (weight) of IFN-7 jetted out (stage 1 + stage 2) was then cateulated as the fine parttele 
fraction (%). The disintegration index, the mass median aerodynamic diameter {\m ± SD) of the fine partk;les jetted 
out from the device, and the fine particle fraction (%) are shown in Table 3 for each of the freeze-dried compositions. 
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<Table 3> 





Freeze-dried Composition 


Disintegration index 


Mass median 


Fine particle fraction(%) 










aerodynamic diameter 




5 








(^imlSD, MMAD) 






27. 


IFN-y+Leu(2.5mg) 


0.197 


1.814±1.538 


72.0 




28. 


IFN-Y+Val(2.5mg) 


0.207 


1 .563±1 .451 


50.2 






lriN-Y+ iie\^.onri9; 


0.186 


1 .652±1 .479 


53.0 


10 


30. 


IFN-Y+ Phe{2.5mg) 


0 215 


1 322+1 443 


74 0 




31. 


IFN-Y+ Leu(0.5mg)+ Val 
(2mg) 




1 .OUfX 1 .Hv 1 


f>1 A 




32. 


IFN-y+ Leu(0.48mg)+ 
Val(1 .92mg) + Arg-HCI 


n i RQ 






15 




(0.2mg) 










33. 


IFN-Y+ Phe(1.2mg)+ 
Leu{0.3mg) + Arg-HCI 
(0.2mg) 


n 1Q1 


1 .^D'fX 1 .ODO 


D/ .u 


20 


34. 


IFN-7+ Phe{1 .2mg)+ Val 


0.190 


1 .3S0±1 .456 


64.0 




(u.omgy + Mrg-noi 
(0.2mg) 










35. 


IFN-Y+ Phe(1.2mg)+ He 
(0.3mg) + Arg-HCI 


0.181 


1 .230±1 .386 


67.0 


25 




(0.2mg) 








36. 


IFN-Y+ Phe{1.0mg) + 
Arg-HCI(0.2mg) 


0.269 


1 .280±1 .473 


59.0 




37. 


IFN-Y+ Leu(1 .5mg)+ Val 
(1 .Omg) + D-mannitol 


0.191 


1 .545±1 .405 


45.4 


30 




(1 .Omg) 










Leu: leucine, Val: valine, lie: isoleucine, Phe: phenylalanine. Arg>HCI: arginine hydrochloride 



[01 55] Each of the freeze-dried compositions co ntai ning the I FN-y and the carrier shown In Table 3 was a non-powder- 
form cal<e-like mass (freeze-dried calce) at the time of freeze-drying. As can be seen from Table 3, the non-powder- 
35 form freeze-dried cakes showing a disintegration index of 0.159 or more (Examples 27 to 37) were disintegrated by 

the air impact arising through an air speed of about 35m/sec and an air flow rate of about 40ml/sec, becoming fine 
particles of mass median aerodynamk: diameter less than 5 microns, i.e. becoming a fine-particle-form powdered 
preparation suitable for transpulmonary administration. Moreover, a good fine particle fraction was obtained for all of 
the compositions (IFN-Y + carrier). 

40 

Examples 38 to 48. Comparative Examples 9 to 10 



[0156] 5^g of procaterol hydrochloride (made by Otsuka Pharmaceutical Co., Ltd.) and 1.5mg of any of various 
carriers as shown in Table 4 were made up to 0.5ml by dissolving in Injection distilled water, this was filled into vessels 

45 (trunk diameter 18mm), and freeze-drying was carried out using a shelf-type freeze-dryer (Lyovac GT-4, made by 
Leybold). The disintegration index of the non-powder-form (cake-like) freeze-dried composition (freeze-dried cake) 
obtained was calculated. Next, a vessel (trunk diameter 18mm) filled with the non-powder-form freeze-dried cake 
obtained was installed in a self -inhaling type dry powder inhaler designed such that the bore of the air introduction flow 
path 1 7 was 1 . 99mm and the bore of the suction flow path 1 6 was 1 .99mm. 

so [0157] To evaluate the delivery into the lungs of the freeze-dried composition obtained, the above-mentioned self- 
inhaling type dry powder inhaler was attached to a twin impinger (made by Copley, UK) (applying an air impact arising 
through an air speed of about 95m/sec and an airflow rate of about 295ml/sec to the freeze-dried cake), the solvents 
in stage 1 and stage 2 were respectively collected, and each of the procaterol hydrochloride contained In the stage 1 
or stage 2 solvent was assayed by an HPLC method. The value obtained by dividing the amount of procaterol hydro- 

55 chloride obtained in stage 2 by the total amount of procaterol hydrochloride jetted out (stage 1 + stage 2) was then 
calculated as the fine particle fraction (%, the proportion that can be expected to reach the lungs). 
[0158] The disintegration index and the fine particle fraction (%) are shown in Table 4 for each of the freeze-dried 
compositions. 
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<Table 4> 



Freeze-diied composition 


Disintegration index 


Fine particle fraction (%) 


Examples 






38. 


Procaterol-HCI + isoleuclne 


0.199 


61.1 


39. 


Procaterol-HCI + valine 


0.270 


71.9 


40. 


Procaterol-HCI + leucine 


0.260 


74.0 


41. 


Procaterol-HCI + phenylalanine 


n OAR 


/ U.O 


42. 


Procaterol-HCI + alanine 


0.048 


61.6 


43. 


Procaterol-HCI + glycine 


0.139 


60.6 


44. 


Procaterol-HCI + taurine 


0.110 


63,3 


45. 


Procaterol-HCI + D-mannitol 


0.144 


60.7 


46. 


Procaterol-HCI + ^cyclodextrin 


0.138 


69.1 


47. 


Procaterol-HCI + PEG4000 


0.102 


63.6 


48. 


Procaterol-HCI + sodium caprate 


0.222 


73.4 


Comparative Examples 


9. 


Procaterol-HCI pullulan 


0.001 


0.0 


10. 


Procaterol-HCI + dextran 40 


0.003 


0.0 


Procaterol-HCI: Procaterol hydrochloride 



[0159] As shown in Table 4, the non-powder-fomi freeze-dried compositions (freeze-dried cakes) having a disinte- 
gration index of 0.003 or less (Comparative Examples 9 and 10) were not disintegrated by the air impact arising through 
an air speed of about 95m/sec and an air flow rate of about 295ml/sec, whereas the non-powder-fomn freeze-dried 
compositions (freeze-dried cakes) having a disintegration index of 0.048 or more were easily made into fine partk:les 
in the vessel by the above-mentioned air impact, with it being possible to produce a powdered preparation suitable for 
transpulmonary administration. 

Examples 49 to 58. Comparative Examples 11 to 14 

[0160] 5^g of procaterol hydrochloride (made by Otsuka Pharmaceutical Co., Ltd.) and any of various carriers as 
shown in Table 5 were made up to 0.5ml by dissolving in injection distilled water, this was filled into vessels (trunk 
diameter 1 8mm), and freeze-drying was earned out using a shelf-type f reeze-dryer (Lyovac GT-4, made by Leybold). 
The disintegration index of the non-powder-fonn cake-like freeze-dried composition (freeze-dried cake) obtained was 
calculated. 

[0161] Next, as with Examples 38 to 48, a vessel (trunk diameter 1 8mm) filled with the non-powder-form freeze-dried 
composition obtained was installed in a self-inhaling type dry powder inhaler designed such that the bore of the air 
introduction flow path 1 7 was 1 .99mm and the bore of the suction flow path 1 6 was 1 .99mm. Using this, the fine particle 
fraction (%) was calculated with a twin impinger (made by Copley, UK) (applying an air impact arising through an air 
speed of about 95m/sec and an air flow rate of about 295ml/sec to the freeze-dried cake). The disintegration index 
and the fine particle fraction {%) are shown in Table 5 for each of the freeze-dried compositions. 



<Table 5> 



Freeze-dried composition 


Disintegration index 


Fine particle fraction (%) 


Examples 


49. 


Procaterol-HCI + 4.5mg isoleuclne 


0.170 


57.2 


50. 


Procaterol-HCI + 7.5mg isoleucine 


0.156 


52.8 


51. 


Procaterol-HCI + 4. 5mg leucine 


0.214 


74.0 


52. 


Procaterol-HCI + 7.5mg leucine 


0.191 


58.0 


53. 


Procaterol-HCI + 4.5mg valine 


0.174 


62.0 


54. 


Procaterol-HCI + 4.5mg phenylalanine 


0.237 


56.9 


55. 


Procaterol-HCI + 4.5mg PEG4000 


0,152 


52,6 


56. 


Procateroi-HCI + 4.5mg sodium caprate 


0.168 


51.4 
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<Table S> (continued) 



Freeze-dhed composition 


Disintegration index | Fine particle fraction <%) 


Examples 


b/. 


Procaterol-HCI + 4.5mg alanine 


0.023 


58.5 


58. 


Frocaterol-HGI + 7.5mg alanine 


0.018 


50.7 


Comparative Examples 


11. 


Procaterol-HCI + 4.5mg pullulan 


0.0003 


0.0 


12. 


Procaterol-HCI + 7.5mg pullulan 


0.0002 


0.0 


13. 


Procaterol-HCI + 4.5mg dextran 40 


0.0013 


0.0 


14. 


Procaterol-HCI + 7.5mg dextran 40 


0.0010 


0.0 


Procaterol-HCI: Procaterol hydrochloride 



[0162] As shown in Table 5, the non-powder-fomn freeze-drled compositions (freeze-dried cakes) having a disinte- 
gration Index of 0.001 3 or less (Comparative Examples 1 1 to 1 4) were not disintegrated by the air impact arising through 
an air speed of about 95ni/sec and an air flow rate of about 295ml/sec, whereas the non-powder-fonn freeze-dried 
compositions (freeze-dried cal<es) showing a disintegration index of 0.018 or more (Examples 49 to 58) were easily 
made into fine particles in the vessel by the above-mentioned air impact, with it being possible to produce a powdered 
preparation suitable for transpulmonary administration. 

Examples 59 to 64 

[0163] Sjig of procaterol hydrochloride (made by Otsuka Phamnaceutlcal Co., Ltd.) and any of various caniers as 
shown In Table 6 were made up to 0.5ml by dissolving in injection distilled water, this was filled into vessels (trunk 
diameter 1 8mm), and freeze-drying was can-ied out using a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). 
The disintegration index of the non-powder-form cake-like freeze-dried composition (freeze-dried cake) obtained was 
calculated. Next, as with Examples 38 to 48, a vessel (trunk diameter 18mm) filled with the non-powder-fomn freeze- 
dried composition obtained was Installed in a self-inhaling type dry powder inhaler designed such that the bore of the 
air introduction flow path 1 7 was 1 .99mm and the bore of the suction flow path 1 6 was 1 .99mm. Using this, the fine 
particle fraction (%) was calculated with a twin impinger (made by Copley, UK) (applying an air impact arising through 
an air speed of about 95m/sec and an airflow rate of about 295ml/sec to the freeze-dried cake) The disintegration 
index and the fine particle fraction (%) are shown in Table 6 for each of the freeze-dried composittons. 



<Tabie 6> 



Freeze-dried composition 


Disintegration index 


Flne particle fraction (%) 


59. 


Procaterol-HCI + 0.6mg Leu-Val 


0.104 


74.5 


60. 


Procaterol-HCI + 1 ,5mg Leu-Vai 


0.073 


63.0 


61. 


Procaterol-HCI + 4.5mg Leu-Val 


0.039 


53.1 


62. 


Procaterol-HCI + 0.375mg Leu-Phe 


0.168 


81.9 


63. 


Procaterol-HCI + 0.5mg Leu-Phe 


0.222 


76.1 


64. 


Procaterol-HCI + 0,75mg Leu-Phe 


0.181 


79.1 


Procaterol-HCI: Procaterol hydrochloride, 
lanine 


Leu-Val: leucyl-vallne, Leu-Phe: leucyl-phenyla- 



[0164] As shown in Table 6, the non-powder-fomn freeze-dried compositions (freeze-dried cakes), whteh showed a 
disintegration index of 0.039 or more, were easily made into fine particles in the vessel by the air impact arising through 
an air speed of about 95m/sec and an air flow rate of about 295ml/sec, with it being possible to produce a powdered 
preparation suitable for transpulmonary administration. 

Example 65 

[0165] 5|ig of procaterol hydrochloride (made by Otsuka Pharmaceutical Co., Ltd.) and 1 .Omg of valine were made 
up to 0.5ml by dissolving in injection distilled water, this was filled into vessels (trunk diameter 23mm), and freeze- 
drying was cam'ed out using a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of 
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the non-powder-fomn freeze-drled composition (freeze-dried cake) obtained was calculated. Next, a vessel <trunk di- 
ameter 23mm) filled with the non-powder-fomi freeze-dried composition obtained was installed In a self -inhaling type 
dry powder inhaler designed such that the bore of the air Introduction flow path 17 was 4.01mm and the bore of the 
suction flow path 1 6 was 4.01 mm. This was directly jetted out into an Aeroslzer (made by Amherst Process Instrument, 

5 Inc. , USA) fitted with an Aerobreather (made by Amherst Process Instrument, Inc., USA; measurement conditions: 
breath rate: 1 L/min, breath volume: 0.1 L), which is an artificial lung model capable of directly measuring the particle 
size distribution of the particles Jetted out (applying an air Impact arising through an air speed of about 1 nn/sec and an 
airflow rate of about 1 7mi/sec to the freeze-dried cake), and the particle size distribution of the fine partk^les Jetted out 
was measured. The mass median aerody namk; diameter (p.m ± SD) of the fine partbles was calculated from the partksle 

10 size distribution. The disintegration index, and the mass median aerodynamic diameter of the fine partk^les jetted out 
from the inhaler are shown in Table 7 for the freeze-dried composition. 



<Table 7> 



Freeze-drled compositk>n 


Disintegration index 


Mass median aerodynamk^ diameter Oim±SD, MMAD) 


65. 


Procaterol-HCI + valine 


0.273 


1 .582±1 .552 


Procateroi-HCI: Procaterol hydrochloride 



[0166] As shown in Table 7, the non-powder-form freeze-drled composition (freeze-drled cake), whbh showed a 
20 disintegration index of 0.273, was easily made into fine particles in the vessel by the above-mentioned air impact, and 
moreover the mean particle diameter was less than 5 microns, and hence it was possible to produce a preparation 
suitable for transpulmonary administration. 

Examples 66 to 70 

25 

[0167] insulin (recombinant human insulin crystal, made by Biobras, Brazil; relative activity: 26.4U/mg) (1mg, 2mg), 
or insulin and any of various can^iers as shown in Table 8, was/were made up to 0.2mi by dissolving in Injection distilled 
water, this was filled into vessels (trunk diameter 1 8mm), and freeze-drying was carried out using a shelf-type freeze- 
dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-fomn freeze-dried composition 
30 (freezer-dried cake) obtained was calculated. Next, as in Examples 38 to 48, a vessel (trunk diameter 18mm) filled 
with the non-powder-form freeze-dried composition obtained was installed in a self-inhaling type dry powder inhaler 
designed such that the bore of the air introduction flow path 17 was 1 .99mm and the bore of the suction flow path 16 
was 1 .99mm. Using this, the fine particle fraction (%) was calculated with a twin impinger {made by Copley, UK) <ap- 
plying an air impact arising through an airspeed of about 95m/sec and an airflow rate of about 295ml/sec to the freeze- 
as dried cake). The disintegration Index and the fine particle fraction (%) are shown in Table 8 for each of the freeze-dried 
compositions. 



<Table 8> 



Freeze-dried composition 


Disintegration index 


Fine particle fraction (%) 


66. 


1mg ins ulin 


0.159 


75.0 


67. 


1 mg insulin + 1 .4mg leucine 


0.145 


80.7 


68. 


1 mg insulin + 1 .Omg valine 


0.110 


79.4 


69. 


2mg insulin 


0.177 


42.4 


70. 


2mg insulin + 1 . 4mg leucine 


0.137 


65.1 



[0168] As can be seen from Table 8, regardless of whether or not a carrier was present, the non-powder-form freeze- 
dried compositions (freeze-dried cakes), which showed a disintegration index of 0. 110 or more, were easily made into 
fine particles In the vessel by the above-mentioned air Impact, with it being possible to produce a powdered preparation 
suitable for transpulmonary administration. 

Examples 71 to 75 

[0169] 1 mg of insulin (recombinant human insulin crystal, made by Biobras, Brazil; relative activity: 26.4U/mg) arKl 

any of various carriers (1 .5mg) as shown in Table 9 were made up to 0.5ml by dissolving in injection distilled water, 
this was filled into vessels (trunk diameter 18mm), and freeze-drying was carried out using a shelf-type freeze-dryer 
(Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-fonn freeze-dried composition (freeze- 
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dried cake) obtained was calculated. Next, a vessel (tmnk diameter 18mm) filled with the non-powder-fomi freeze- 
dried composition obtained was installed in a jet type dry powder inhaler (having a bellows body capable of supplying 
an amount of air of about 20ml) designed such that the bore of the air Jet flow path was 1 ,2mm and the bore of the 
discharge flow path was 1 .8mm), and as in Examples 1 to 37 this was directly jetted out Into an Aeroslzer^made by 
5 Amherst Process Instrument, Inc., USA) fitted with an Aerobreather (made by Amherst Process Instrument, Inc., USA; 
measurement conditions: breath rate: 60 L/min, breath volume: 1 L) (applying an air impact arising through an airspeed 
of about 35m/sec and an air flow rate of about 40mi/sec to the f reeze-dried cake) , the particle size distribution of the 
fine partcies jetted out was measured, and the mass median aerodynamic diameter (pm ± SD) was calculated. 
[0170] Furthermore, asin Examples 38 to 48, avessei (trunk diameter 18mm) filled with the non-powder-fomr> freeze- 
to dried composition obtained was installed in a self-inhaling type dry powder inhaler designed such that the bore of the 
air introduction flow path was 1 .99mm and the bore of the suction flow path was 1 .99mm. Using this, the fine parttole 
fraction (%) was calculated with a twin impinger (made by Copley, UK) (applying an air impact arising through an air 
speed of about 95m/sec and an airflow rate of 295ml/sec to the freeze-dried<:ake). 

[0171] The disintegration index, the mass median aerodynamic diameter {\m ± SD) of the fine particles jetted out 
IS from the jet type dry powder inhaler, and the fine particle fraction (%) of the fine partksles obtained by the self-inhaling 
type dry powder inhaler are shown in Table 9 for each of the freeze-dried compositions. 



<Table 9> 



20 


Freeze-dried composition 


Disintegration Index 


Mass median aerodynamk; 
diameter (^m±SD, i\/IMAD) 


Fine partk^le f ractlon(%) 




71. 


Insulin + isoieucine 


0.124 


1 .759±1 .425 


71.1 




72. 


Insulin + leucine 


0.260 


1 .954±1 .454 


74.1 




73. 


Insulin + valine 


0.124 


2.007+1 .438 


72.1 


25 


74. 


insulin + phenylalanine 


0.204 


1 .872±1 .477 


62.0 




75. 


Insulin + D-mannitoi 


0.160 


2.239±1 .435 


61.2 



[0172] As shown In Table 9, the non-powder-form freeze-dried compositions (freeze-drled cakes), which showed a 
disintegration index of 0.1 24 or more, were easily made into fine particles in the vessel by the air impact arising through 
an air speed of about 35m/sec and an air flow rate of about 40ml/sec or the air impact arising through an air speed of 
about 95m/sec and an air flow rate of 295ml/sec. Moreover, the mean particle diameter of the fine partteies made by 
the air impact arising through an air speed of about 95m/sec and an air flow rate of 295ml/sec was less than 5 microns, 
and hence it was possible to produce a powdered preparation suitable for transpulmonary administration. 

Example 76 

[0173] 500,000 lU of interferon^ (IFN-y) (made by Hayashibara Biochemical Laboratories, Inc., Japan, relative ac- 
tivity: 10,000,000 lU/mg) and the carrier shown in Table 10 were made up to 0.5ml by dissolving in injection distilled 
water, this was filled into vessels (trunk diameter 1 8mm), and freeze-drying was carried out using a shelf-type freeze- 
dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-form freeze-drled composition 
(freeze-dried cake) obtained was calculated. 

[0174] Next, as in Examples 1 to 37, a vessel (trunk diameter 18mm) filled with the non-powder-fonn freeze-dried 
composition obtained was installed in a Jet type dry powder inhaler (having a bellows body capable of supplying an 
amount of air of about 20ml) designed such that the bore of the air jet flow path was 1 .2mm and the bore of the discliarge 
flow path was 1 .8mm), jetting was carried out directly into an Aerosizer (made by Amherst Process Instrument, Inc., 
USA) fitted with an Aerobreather (made by Amherst Process Instmment, Inc., USA; measurement conditions: breath 
rate: 60 L/min, breath volume: 1 L) (applying an air impact arising through an air speed of about 35m/sec and an air 
flow rate of about 40ml/sec to the freeze-dried cake), the particle size distribution of the fine particles jetted out was 
measured, and the mass median aerodynamic diameter (^m ± SD) was calculated. The disintegration Index and the 
mass median aerodynamk) diameter (^m ± SD) of the fine particles jetted out from the inhaler are shown in Table 10 
for the freeze-dried composition. 
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<TabIe 10> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic dianr>eter 
(^im ± SD, MMAD) 


76. 


IFN^ + 1 mg Phe + O.Smg Leu + 0.2mg 
Arg-HCI 


0.336 


1.212±1.384 


Phe: Phenylalanine, Leu: leucine, Arg-HCI: arginine hydrochloride 



10 [0175] As can be seen from Table 10, the non-powder-fomi freeze-drled composition (freeze-dried cake) , which 
showed a disintegration index of 0.336, was easily made into fine particles in the vessel by the air Impact arising through 
an air speed of about 35m/sec and an air flow rate of about 40ml/sec, and moreover the mean partide diameter was 
less than 5 microns, and hence it was possible to produce a powdered preparation suitable for transpulmonary admin- 
istration. 

15 

Examples 77 and 78 

[0176] 1 0,000,000 lU or 2,500,000 lU of interferon-y (IFN-y) (made by Hayashibara Biochemical Laboratories, Inc., 
Japan, relative activity: 1 0,000,000 lU/mg) was made up to 0.5ml by dissolving In Injection distilled water, this was filled 

20 into vessels (trunl< diameter 1 8mm), and f reeze-drying was carried out using a shelf -type freeze-dryer (Lyovac GT-4, 
made by Leybold), The disintegration index of the non-powder-form freeze-dried composition (freeze-dried cake) ob- 
tained was calculated. Next, as in Examples 1 to 37, a vessel (trunk diameter 1 8mm) filled with the no n -powder-form 
freeze-dried composition obtained was installed in a jet type dry powder inhaler (having a bellows body capable of 
supplying an amount of air of about 20ml) designed such that the bore of the air jet flow path was 1 .2mm and the bore 

25 of the discharge flow path was 1 .8mm, and jetting was carried out directly into an Aerosizer (made by Amherst Process 
Instrument, Inc., USA) fitted with an Aerobreather (made by Amherst Process Instrument, Inc., USA; measurement 
conditions: breath rate: 60 Umm, breath volume: 1 L) (applying an air impact arising through an air speed of about 
35m/sec and an airflow rate of about 40ml/secto the freeze-dried cake), the particle size distribution of the fine particles 
jetted out was measured, and the mass median aerodynamic diameter (jxm ± SD) was calculated. The disintegration 

30 index and the mass median aerodynamic diameter {\im ± SD) of the fine partk;les jetted out from the inhaler are shown 
in Table 11 for each of the freeze-dried compositions. 



<Table 11> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamk: diameter (ivm ± SD, MMAD) 


77. 
78. 


10,000,000 lU of IFN-y 
2,500,000 lU of IFN-y 


0.206 
0.160 


2.355±1 .439 
2.244±1 .514 



[0177] As shown in Table 1 1 , despite not containing a carrier, the non-powder-form freeze-dried compositions (freeze- 
40 dried cakes), which showed a disintegration index of 0.1 60 or more, were easily made Into fine particles In the vessel 
by the above-mentioned air impact, and moreover the mean particle diameter was less than 5 microns, and hence It 
was possible to produce a preparation suitable for transpulmonary administration. 

Examples 79 to 83 

45 

[01 78] 28^g of pUCI 9 DN A (2686bp, made by Otsuka Phannaceutical Co. , Ltd. , hereinafter referred to as 'pUCI 9 
DNA'), which is a plasmid DNA, and 2.0mg of any of various carriers as shown in Table 12 were made up to 0.5ml by 
dissolving In Injection distilled water, this was filled Into vessels (trunk diameter 18mm), and f reeze-drying was carried 
out using a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-form 

50 freeze-dried composftlon (freeze-dried cake) obtained was calculated. Next, as in Examples 71 to 78, a vessel (trunk 
diameter 1 8mm) filled with the non-powder-form freeze-dried composition obtained was installed in a jet type dry pow- 
der inhaler (having a bellows body capable of supplying an amount of air of about 50ml) designed such that the bore 
of the air jet flow path was 1 .2mm and the bore of the discharge flow path was 1 .8mm, and jetting was carried out 
directly into an Aerosizer (made by Amherst Process Instrument, Inc., USA) fitted with an Aerobreather (made by 

55 Amherst Process Instrument, Inc., USA; measurement conditions: breath rate: 60 17min, breath volume: 1 L) (applying 
an air Impact arising through an airspeed of about 89m/sec and an airflow rate of about 1 0Oml/sec to the freeze-dried 
cake), the particle size distribution of the fine particles jetted out was measured, and the mass median aerodynamk; 
diameter (p.m ± SD) was calculated. The disintegration index, and the mass median aerodynamic diameter of the fine 



37 



EP1 402 913A1 

particles Jetted out from tiie inhaler are shown in Table 12 for each of the freeze-dried compositions. 



<Table 12> 



5 


Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter binn±SD, 

MMAD) 




79. 


pUC19 DNA + isoleuclne 


0.103 


2.168±1.586 




80. 


pUC19 DNA + leucine 


0.096 


1 .603 ±1 .580 




81. 


pUCI 9 DNA + valine 


0.110 


1 .789±1 .486 


10 


82. 


pUC19 DNA + phenylalanine 


0.149 


1 .376±1 .545 




83. 


pUC19 DNA + D-mannltol 


0.126 


1 .969±1 .503 



[0179] As shown in Table 12, the non-powder-form freeze-dried compositions (freeze-dried calces), which showed 
a disintegration index of 0.096 or more, were easily made into fine particles in the vessel by the air impact arising 
through an air speed of about 89nVsec and an airflow rate of about 1 0Oml/sec, and moreoverthe mean particle diameter 
was less than 5 microns, and hence rt was possible to produce a powdered preparation suitable for transpulmonary 
administration. 
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Examples 84 to 87 

[0180] lOO^g of an anti-interleukin-1p antibody (anti-IL-1p antibody) (made by Otsulca Pharmaceutical Co., Ltd., 
Japan) and 2.0mg of any of various carriers as shown in Table 13 were made up to 0.5ml by dissolving in injection 
distilled water, this was filled into vessels (trunk diameter 1 8mm), and freeze-drying was carried out using a shelf-type 
freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-form cafce-like freeze-dried 
composition (freeze-dried cake) obtained was calculated. Next, a vessel (trunk diameter 18mm) filled with the non- 
powder-form freeze-dried composition obtained was installed in a Jet type dry powder inhaler (having a bellows body 
capable of supplying an amount of air of about 20ml) designed such that the bore of the air Jet flow path was 1 . 2mm 
and the bore of the discharge flow path was 1 .8mm, and Jetting was carried out directly Into an Aerosizer (made by 
Amherst Process Instrument, Inc., USA) fitted with an Aerobreather (made by Amherst Process Instrunnent, Inc., USA; 
measurement conditions: breath rate: 60 L/min, breath volume: 1 L) (applying an air impact arising through an airspeed 
of about 36m/sec and an airflow rate of about 40ml/sec to the freeze-dried cake), the partk^le size distribution of the 
fine particles jetted out was measured, and the mass median aerodynamic diameter (^tm ± SD) was calculated. The 
disintegration index, and the mass median aerodynamic diameter <p.m ± SD) of the fine partk)ies Jetted out from the 
inhaler are shown in Table 13 for each of the freeze-dried compositions. 

<Table 13> 



Freeze-dried composition 


Disintegration index 


l^ass median aerodynamic diameter (jAm ± SD, 

MMAD) 


84. 


Anti-IL-ip antibody + lie 


0.272 


1.668±1.434 


85. 


Anti-IL-1p antibody -i- Leu 


0.195 


1.661±1.404 


86. 


Antl-IL-1 p antibody + Val 


0.277 


1.89Q± 1.392 


87. 


Anti-IL-1 p antibody + Phe 


0.358 


1.462± 1.396 


lie: 


soleuclne. Leu: leucine, Val: valine, Phe: phenylalanine 



40 
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50 



[0181] Each of the freeze-dried compositions obtained was a non-powder-form cake-iike mass (freeze-dried cake) 
at the time of freeze-drying. As can be seen from Table 13, the non-powder-form freeze-dried cakes, which showed a 
disintegration Index of 0.195 or more, were disintegrated by the air impact arising through an air speed of about 35nn/ 
sec and an air flow rate of about 40mi/sec, becoming fine particles of mass median aerodynamic diameter less than 
5 microns, i.e. becoming a powdered preparation suitable for transpulmonary administration. 



Examples 88 to 91 



[0182] 100p.g of an anti-interieukin-la antibody (anti-IL-la antibody) (made by Otsuka Phannaceutk^l Co., Ltd., 
Japan) and 2.0mg of any of various carriers as shown In Table 14 were made up to 0.5ml by dissolving in injection 
distilled water, this was filled Into vessels (trunk diameter 1 8mm), and freeze-drying was can-ied out using a shelf-type 
freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-form cake-like freeze-dried 



38 



EP 1 402 913 A1 



10 



composition (freeze-dried cal<e) obtained was caiculated. Next, a vessel (tmnk diameter 1 8mm) fiiied with tlie non- 
powder-fomi freeze-dried composition obtained was instaiied in a jet type dry powder inhaier (having a beiiows body 
capable of supplying an amount of air of about 20ml) designed such that the bore of the air Jet flow path was 1 . 2mm 
and the bore of the discharge f low path was 1 .8mm, and as in Examples 84 to 87, an air Impact arising through an air 
speed of about 35m/sec and an air flow rate of about 40ml/sec was applied to the freeze-dried calce in the vessel, the 
particle size distribution of the fine particles produced was measured, and the mass median aerodynamic diameter 
(fim ± SD) was calculated. The disintegration index, and the mass median aerodynamic diameter {\m\ ± SO) of the 
fine particles jetted out from the inhaler are shown in Table 14 for each of the freeze-dried compositions. 

<Table 1 4> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (^m±SD, 

MI^AD) 


88. 


Anti-iL-la antil^ody + lie 


0.253 




1 .51 S±^ .433 


89. 


Anti-IL-la antibody + Leu 


0.204 




1 .787±1 .435 


90. 


Anti-IL-1a antibody + Val 


0.257 




1 .957±1 .393 


91. 


Anti-iL-la antibody + Phe 


0.258 




1.707± 1.426 


lie: 


soieucine, Leu: leucine, Vai: valine, Phe: phenylalanine 
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[0183] Each of the freeze-dried compositions obtained was a non-powder-form cal<e-lll<e mass (freeze-dried calce) 
at the time of freeze-drying. As can be seen from Table 14, the non-powder-form freeze-dried calces, which showed a 
disintegration index of 0.204 or more, were disintegrated by the air impact arising through an air speed of about 35m/ 
sec and an air flow rate of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 
5 microns, I.e. becoming a powdered preparation suitable for transpulmonary administration. 

Examples 92 to 95 

[0184] 10p.g of calcitonin (made by Sigma, USA) and 2.0mg of any of various carriers as shown In Table 15 were 
made up to 0.5ml by dissolving In Injection distilled water, this was filled into vessels (trunk diameter 1 8mm), and freeze- 
drying was carried out using a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of 
the non-powder-form cake-like freeze-dried composition (freeze-dried cake) obtained was cateulated. Next, a vessel 
(trunk diameter 18mm) filled with the non-powder-form freeze-dried composition obtained was installed in a jet type 
dry powder inhaler (having a bellows body capable of supplying an amount of air of about 20mi) designed such that 
the bore of the air jet flow path was 1 . 2mm and the bore of the discharge flow path was 1 .8mm, and as In Examples 
84 to 87, an air impact arising through an air speed of about 35m/sec and an air flow rate of about 40ml/sec was applied 
to the freeze-dried cake in the vessel, the particle size distribution of the fine particles produced was measured, and 
the mass median aerodynamic diameter (|im ± SD) was calculated. The disintegration index, and the mass median 
aerodynamic diameter (^m ± SD) of the fine partteles jetted out from the Inhaler are shown In Table 15 for each of the 
freeze-dried compositions. 

<Table 15> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (^m±SD, 
MMAD) 


92. 


Calcitonin + isoleucine 


0.209 


1.53111.457 


93. 


Calcitonin + leucine 


0.273 


1 .699±1 .434 


94. 


Calcitonin + valine 


0.248 


1.421 ±1.466 


95. 


Calcitonin + phenylalanine 


0.150 


1 .653±1 .408 



45 
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[0185] Each of the freeze-dried compositions obtained was a non-powder-fomri cake-like mass (freeze-dried cake) 
at the time of freeze-drying. As can be seen from Table 15, the no n -powder-form freeze-dried cakes, which showed a 
disintegration index of 0.150 or more, were disintegrated by the air impact arising through an airspeed of about 35m/ 
sec and an air flow rate of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 
5 microns, i.e. becoming a powdered preparation suitable for transpulmonary administratton. 
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Examples 96 to 1 00 
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15 



[0186] 12p.g of erythropoietin (made by Wako Pure Chemical Industries, Ltd., Japan) and 2.0mg of any of various 
carriers as shown in Table 1 6 were made up to 0.5ml by dissolving in injection distilled water, this was filled into vessels 
(trunk diameter 18mm), and freeze-drying was carried out using a shelf-type freeze-dryer (Lyovac GT-4, made by 
Leybold). The disintegration index of the non-powder-form cake-like freeze-dried composition (freeze-dried cake) ob- 
tained was calculated. Next, a vessel (trunk diameter 1 8mm) filled with the non-powder-form freeze-dried compositk>n 
obtained was Installed in a jet type dry powder inhaler (having a bellows body capable of supplying an amount of air 
of about 20ml) designed such that the bore of the air jet flow path was 1 .2mm and the bore of the discharge flow path 
was 1 .8mm, and as in Examples 84 to 87, an air impact arising through an air speed of about 36m/sec and an air flow 
rate of about 40ml/sec was applied to the freeze-dried cake in the vessel, the particle size distribution of the fine 
particles produced was measured, and the mass median aerodynamk: diameter (|j.m ± SD) was calculated. The dis- 
integration index, and the mass median aerodynamic diameter (|im ± SD) of the fine particles jetted out from the inhaler 
are shown in Table 1 6 for each of the freeze-dried compositions. 

<Table 1 6> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamte diameter (^m±SD, 

MIVIAD) 


96. 


Erythropoietin + Isoleucine 


0.287 


1.214±1.396 


97. 


Erythropoietin + leucine 


0.213 


1.833± 1.429 


98. 


Erythropoietin + valine 


0.254 


1 .670±1 .444 


99. 


Erythropoietin + phenylalanine 


0.309 


1 .923±1 .447 


100. 


Erythropoietin + D-mannitol 


0.155 


1.795±1.412 



20 
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[0187] Each of the freeze-dried compositions obtained was a non-powder-form cake-like mass (freeze-dried cake) 
at the time of freeze-drying. As can be seen from Table 16, the non-powder-form freeze-dried cakes, which showed a 
disintegration index of 0.155 or more, were disintegrated by the air impact arising through an air speed of about 35nn/ 
sec and an air flow rate of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 
5 microns, i.e. becoming a powdered preparation suitable for transpulmonary administration. 



35 
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Example 101 

[01 88] 20|ig of granulocyte colony stimulating factor (G-CSF) (made by Evemriore Bio, China) and 2.5mg of D-man- 
nitol were made up to 0.5ml by dissolving in injection distilled water, this was filled Into vessels (trunk diameter 1 8mm), 
and freeze-drying was carried out using a shelf -type freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration 
index of the non-powder-fomri cake-like freeze-dried composition (freeze-dried cake) obtained was calculated. Next, 
a vessel (trunk diameter 18mm) filled with the non-powder-form freeze-dried composition obtained was installed in a 
jet type dry powder inhaler (having a bellows body capable of supplying an amount of air of about 20ml) designed such 
that the bore of the air jet flow path was 1 .2mm and the bore of the discharge flow path was 1 .8mm, and as in Examples 
84 to 87, an air impact arising through an air speed of about 35nn/sec and an airflow rate of about 40m I/sec was applied 
to the freeze-dried cake in the vessel, the particle size distribution of the fine particles produced was measured, and 
the mass median aerodynamic diameter {\m ± SD) was calculated. The disintegration Index, and the mass median 
aerodynamk: diameter (^m ± SD) of the fine particles jetted out from the inhaler are shown In Table 1 7 for the freeze- 
dried composition. 

<Table 1 7> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (pm ± SD, MMAD) 


101. 


G-CSF + D-mannitol 


0.049 


1.795+1.412 



so 



55 



[0189] The freeze-dried composition obtained was a non-powder-form cake-like mass (freeze-dried cake) atthe tinne 
of freeze-drying. As can be seen from Table 1 7, the non-powder-form freeze-dried cake, which showed a disintegration 
index of 0.049, was disintegrated by the air Impact arising through an air speed of about 35m/sec and an air flow rate 
of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 5 microns, i.e. becoming 
a powdered preparation suitable for transpulmonary administration. 
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Examples 102 to 104 

[0190] 1 0Ojig of growth hormone (made by Wako Pure Chemical Industries, Ltd., Japan) and any of various caniers 
as shown in Table 1 8 were made up to 0.5ml by dissolving In injection distilled water, this was filled into vessels (trunk 

5 diameter 1 8mm), and freeze-drying was candied out using a shelf-type f reeze-dryer (Lyovac GT-4, made by Leybold). 
The disintegration index of the non-powder-form cake-like freeze-drled composition (freeze-dried cake) obtained was 
calculated. Next, a vessel (trunk diameter 18mm) filled with the non-powder-form freeze-dried composition obtained 
was installed in a jet type dry powder inhaler (having a bellows body capable of supplying an amount of air of about 
20ml) designed such that the bore of the air jet flow path was 1.2mm and the bore of the discharge flow path was 

10 1 .8mm, and as in Examples 84 to 87, an air impact arising through an air speed of about 35m/sec and an air flow rate 
of about 40ml/sec was applied to the freeze-dried cake in the vessel, the partfcle size distribution of the fine particles 
produced was measured, and the mass median aerodynamic diameter (\irr\ ± SO) was calculated. The disintegration 
index, and the mass median aerodynamic diameter (jim ± SD) of the particles jetted out from the inhaler are shown in 
Table 18 for each of the freeze-dried compositions. 

15 



<Table 18> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter 
(|jim±SD. I^MAD) 


102. 


GH + 1 .5mg lie + 0.1 mg mannltol + 


0.250 


1 .6261:1 .473 




0.02mg Gly 






103. 


GH + 1 .5mg Val + 0.1 mg mannltol + 


0.270 


1 .675 ± 1 .461 




0.02mg Gly 






1 04. 


GH + 1.5mg Phe + 0.1mg mannltol + 


0.362 


1 .286±1 .376 




0.02mg Gly 






GH: 


Growth hormone, lie: isoleucine, Val: valine, Gly: glycine, mannh 


ol: D-mannitol, Phe: phenylalanine 



[01911 Each of the freeze-dried compositions obtained was a non-powder-fonn cake-like mass (freeze-dried cake) 
at the time of freeze-drying. As can be seen from Table 1 8, the non-powder-fonn freeze-dried cakes, whtoh showed a 
^ disintegration index of 0.250 or more, were disintegrated by the air impact arising through an air speed of about 35m/ 
sec and an air flow rate of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 
5 microns, i.e. becoming a powdered preparation suitable for transpuimonary administration. 

Examples 105 to 107 

35 

[0192] 1mg of deoxyribonuclease (Dnase) (made by Sigma, USA) and 2mg of any of various carriers as shown in 
Table 19 were made up to 0.5ml by dissolving in injection distilled water, this was filled into vessels (tmnk diameter 
18mm), and freeze-drying was carried out using a shelf-type f reeze-dryer (Lyovac GT-4, made by Leybold). The dis- 
integration Index of the non-powder-fonn cake-like freeze-dried composition (freeze-dried cake) obtained was cateu- 
lated. Next, a vessel (trunk diameter 1 8mm) filled with the non-powder-fomn freeze-dried composition obtained was 
installed in a jet type dry powder inhaler (having a bellows body capable of supplying an amount of air of about 20ml) 
designed such that the bore of the air jet flow path was 1 . 2mm and the bore of the discharge flow path was 1 .8mm, 
and as In Examples 84 to 87, an air impact arising through an air speed of about 35m/sec &nd an air flow rate of about 
40ml/sec was applied to the freeze-dried cake in the vessel, the particle size distribution of the fine particles produced 
^5 was measured, and the mass median aerodynamic diameter (ixm ± SD) was calculated. The disintegration Index, and 
the mass median aerodynamic diameter (M.m ± SD) of the fine partkiles jetted out from the inhaler are shown in Table 
1 9 for each of the freeze-dried compositions. 



<Table 19> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (pm±SD, MMAD) 


105. 


Dnase + isoleucine 


0.142 


1 .737 ± 1 .452 


106. 


Dnase + valine 


0.209 


2.01 4 ± 1.449 


107. 


Dnase + phenylalanine 


0.078 


2.425 ±1 .462 



[0193] Each of the freeze-dried compositions obtained was a non-powder-fonn cake-like mass (freeze-dried cake) 
at the time of freeze-drying. As can be seen from Table 1 9, the non-powder-form freeze-drled cakes, which showed a 
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disintegration Index of 0.078 or more, were disintegrated by the air Impact arising through an airspeed of about 35nn/ 
sec and an airflow rate of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 
5 microns, i.e. becoming a powdered preparation suitable for transpulmonary admimstration. 

^ Examples 108 and 109 

[0194] 1 0|ig of parathyroid homrione (PTH) (made by Sigma, USA) and 2mg of any of various carriers as shown in 
Table 20 were made up to 0.5mi by dissolving in injection distilled water, this was filled Into vessels (trunk diameter 
18mm), and freeze-drying was carried out using a shelf -type freeze-dryer (Lyovac GT-4, made by Leybold). The dls- 

10 Integration index of the non-powder-fomri cake-lil<e freeze-dried composition (freeze-dried cake) obtained was cateu- 
lated. Next, a vessel (trunk diameter 18mm) filled with the non-powder-fonn freeze-dried composition obtained was 
Installed In a jet type dry powder Inhaler (having a bellows body capable of supplying an amount of air of about 20ml) 
designed such that the bore of the air jet flow path was 1 .2mm and the bore of the discharge flow path was 1 .8mm), 
and as in Examples 84 to 87, an air impact arising through an airspeed of about 35m/sec and an airflow rate of about 

15 40ml/sec was applied to the freeze-dried cake in the vessel, the particle size distribution of the fine partk^les produced 
was measured, and the mass median aerodynamic diameter {\xm ± SD) was cateulated. The disintegration Index, and 
the mass median aerodynamic diameter dim ± SD) of the fine particles jetted out from the inhaler are shown in Table 
20 for each of the freeze-dried compositions. 

20 <Table20> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamk: diameter (|im±SD, MMAD) 


108. 
109. 


PTH + phenylalanine 
PTH + D-mannltol 


0.273 
0.234 


1 .09Q±1 .346 
1 .603±1 .504 



25 

[0195] Each of the freeze-dried compositions obtained was a non-powder-fomri cake-like mass (freeze-dried cake) 
at the time of freeze-drying. As can be seen from Table 20, the non-powder-form freeze-dried cakes, which showed a 
disintegration index of 0.234 or more, were disintegrated by the air impact arising through an air speed of about 35m/ 
sec and an air flow rate of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 
30 5 microns. I.e. becoming a powdered preparation suitable for transpulmonary administratk>n. 

Example 110 

[0196] lOO^g of leuprollde (made by Sigma, USA) and 2mg of phenylalanine were made up to 0.5ml by dissolving 
35 in injection distilled water, this was filled into vessels (trunk diameter 1 8mm), and freeze-drying was carried out using 
a shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The disintegration index of the non-powder-fomri cake-like 
freeze-dried composition (freeze-dried cake) obtained was cabulated. Next, a vessel (trunk diameter 1 8mm) filled with 
the non-powder-fomri freeze-dried composition obtained was installed in a jet type dry powder inhaler (having a bellows 
body capable of supplying an amount of air of about 20ml) designed such that the bore of the air jet flow path was 
40 1 .2mm and the bore of the discharge flow path was 1 .8mm, and as In Examples 84 to 8-7, an air Impact arising through 
an air speed of about 35m/sec and an air flow rate of about 40ml/sec was applied to the freeze-dried cake in the vessel, 
the particle size distribution of the fine particles produced was measured, and the mass median aerodynamic diameter 
(pjn ± SD) was calculated. The disintegration Index, and the mass median aerodynamic diameter (^ ± SD) of the 
fine particles jetted out from the inhaler are shown in Table 21 for the freeze-dried composition. 

45 

<Table21> 



Freeze-dried composition 


Disintegration index 


Mass median aerodynamic diameter (^nn±SD, MMAD ) 


110. 1 Leuprolide + Phe 


0.358 


1.115±1.350 


Phe: phenylalanine 



[0197] The freeze-dried composition obtained was a non-powder-fonn cake-like mass (freeze-dried cake) at the time 
of freeze-drying. As can be seen from Table 21 , the non-powder-form freeze-dried cake, whteh showed a disintegration 
index of 0.358, was disintegrated by the air impact arising through an air speed of about 35m/sec and an air flow rate 
55 of about 40ml/sec, becoming fine particles of mass median aerodynamic diameter less than 5 mterons. I.e. becoming 
a powdered preparation suitable for transpulmonary administration. 
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INDUSTRIAL APPLICABIUTY 

[0198] According to the dry powder Inhalation system for transpulmonary administration of the present invention, a 
freeze-drled composition can be made Into fine particles down to a size necessary for delivery into the lungs, and 

5 moreover administration of the fine particles into the lungs through Inhalation is possible. That is, according to the dry 
powder inhalation system for transpulmonary administration of the present invention, a freeze-dried composition that 
has been prepared in a non-powder form can be made into fine particles at the time of use (the time of administration), 
and administered through Inhalation at the same time, and hence a special operation for making the preparation into 
fine particles becomes unnecessary. Consequently, according to the dry powder inhalation system for transpulmonary 

10 administration (preparation system) of the present Invention, there is no risk of loss during the manufacturing process 
(deactivation of the drug or collection loss through a filling operation) or loss during storage (for example deactivation 
of the drug due to being stored In a fine parttele forni), or contamination with impurities during the manufacturing 
process; a desired fixed amount can thus be administered stably. This Is useful in particular with preparations having 
as an active Ingredient a generally expensive pharmacologically active substance such as a protein or a peptide. 

15 [0199] The proportion of effective particles (fine particle fraction) attained by the dry powder inhalation system for 
transpulmonary administration of the invention Is at least 1 0%, and can be Increased to at least 20%, at least 25%, at 
least 30% or at least 35%. U.S. Patent No. 6153224 indicates that, with many of prior art dry powder inhalers, the 
proportion of the active ingredient (particles) to adhere to the lower portions of the lungs Is only about 10% of the 
amount of the active Ingredient Inhaled. Further, Japanese Unexamined Patent Publication No. 2001-161673 states 

20 that the amount of an Inhalation powder preparation reaching the lungs {lung reaching proportion) is generally about 
10% of the drug discharged from the preparation. Therefore, the dry powder inhalation system of the inventton is 
valuable in that it Is capable of achieving a higher proportion of effective particles (fine particle fraction) than prior art 
powder inhalation preparations. 

[0200] According to the freeze-dried composition and jet type dry powder inhaler of the present Invention, the freeze- 
25 dried composition can be made into fine particles merely by Jetting air into the vessel from the air jet flow path using 
the air pressure-feeding means and thus applying a slight air impact to the freeze-dried composition. The making Into 
fine particles can thus be carried out at the time of use with an dry powder inhaler having a simple stmcture and 
moreover with simple handling. Moreover, because the dry powder inhaler has a simple structure, it can be produced 
with a low manufacturing cost, and hence mass distribution is possible. 
30 [0201] Moreover, according to the jet type dry powder inhaler, by adjusting the speed of compression of the air 
pressure-feeding means such as a bellows body, the amount sucked in of the aerosol (powdered preparation) can be 
adjusted in accordance with the respiratory ability of the user. Moreover, by using a single integrated needle part, the 
operation of piercing the stopper of the vessel with the needle part becomes simple. 

[0202] Furthermore, according to the self-inhaling type dry powder inhaler, the freeze-dried composition can be made 
35 Into an aerosol (made into fine particles) through an air impact being generated by the inhalation pressure of the user, 
and hence the making into fine particles and administration into the lungs of the freeze-dried composition can be carried 
out at the same time as the user inhaling, and thus it can be expected that the drug will be administered in a stable 
amount with no loss. Moreover, a separate special operation for making into an aerosol (making into fine particles) Is 
unnecessary, and hence handling is easy. Moreover, as with the jet type, by using a single integrated needle part, the 
40 operation of piercing the elastfc port stopper of the vessel with the needle part becomes simple. 

[0203] According to the dry powder Inhaler of the present invention, by piercing the stopper of the vessel with the tip 
of the needle part having the suction flow path and the air Introduction flow path, and air in the vessel then being sucked 
in from the suction port by the inhalation pressure of the user (patient), air can be made to flow into the vessel from 
the air introduction flow path of the needle part, thus applying an air impact to the freeze-dried composition, and the 
45 freeze-dried composition that has been made into a powder can be sucked in from the vessel. 

[0204] Moreover, in the case of the dry powder inhaler of the present invention disclosed as Embodiment 4 in par- 
ticular, the following effects are exhibited. 

[0205] When trying to apply an effective air impact to the freeze-dried composition and suck the powder-fonn freeze- 
dried composition that has been made into fine particles from the vessel, the cross-sectional areas of the suction flow 
so path and the air Introduction flow path must be made large, and hence the diameter of the needle part must be made 
large. 

[0206] However, in the case of piercing a needle part having a large diameter through the stopper, it becomes nec- 
essary to hold the vessel securely, and in this state move the vessel towards the needle tip without deviating away 
from the axis of the needle part, and push the stopper against the needle tip with a large force. 
55 [0207] As described above, the dry powder inhaler of the present invention thus has a holder part that holds the 
vessel, a guide part of the holder part, and a holder operating part having a mechanism part and an operating member 
that operates the mechanism part. Therefore, by holding the vessel with the holder part, moving the vessel along the 
axis of the needle part following the guide part towards the needle tip, and operating the operating member, it is thus 
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possible to pierce the needle part through the stopper of the vessel using a relatively low force. 

[0208] In this way, according to the dry powder Inhaler of the present invention, the stopper of the vessel can be 

pierced by the needle part easily and reliably. 

[0209] Moreover, if a constitution Is adopted in which the housing is formed in a tubular shape, the suction port is 
5 formed at a tip part of the housing, a housing chamber for the vessel is formed in the housing, the needle part is 
disposed in the housing so that the needle tip points towards the housing chamber, an Introduction port for introducing 
outside air that communicates with the air introduction flow path of the needle part is provided in a wall of the housing, 
and the holder part Is advanced and retreated in the axial direction of the housing in the housing chamber using the 
holder operating part, then a pencil-shaped dry powder inhaler can be formed, which Is easy to use and conveniently 
10 portable. 

[0210] Moreover, If the constitution is made to be such that the housing is fomned from a housing main body having 
a removal/insertion port for the vessel in a position in which the holder part is retreated, and a lid for the removal/ 
insertion port that is connected to the housing main body by a hinge, the holder operating part has a mechanism part 
which moves the holder part forwards when the lid is pushed down and the removal/ Insertion port closed, and moves 
IS the holder part bacl<wards when the lid is lifted up and the removal/Insertion port opened, and the lid is used as the 
operating member of the mechanism part, then the mechanism part of the holder operating part can be simplified and 
in the manufacturing cost Moreover, the removal/insertion port of the vessel can be closed at the same time as piercing 
the stopper of the vessel with the needle tip, and hence use becomes easier. 

20 

Claims 

1. A dry powder inhalation system for transpulmonary administration, using a combination of: 

(1) a vessel housing a freeze-dried composition that contains a single dose of an active ingredient, and has: 

(i) a non-powder cake-like form, 

(li) a disintegration index of 0.015 or more, and 

(ill) a property of becoming fine particles having a mean particle diameter of 1 0 microns or less or a fine 
30 particle fraction of 1 0% or more upon receiving an air Impact having an air speed of at least 1 m/sec and 

an air flow rate of at least 1 7ml/sec; and 

(2) a device comprising means capable of applying said air impact to the freeze-dried composition in said 
vessel, and means for discharging the powder-fomri freeze-dried composition that has been made Into fine 

35 particles. 

2. The dry powder Inhalation system for transpulmonary administration according to claim 1 , wherein the vessel and 
the device are used in combination at the time of inhalation. 

40 3. The dry powder Inhalation system for transpulmonary administration according to claim 1 , wherein the disintegra- 
tion index of the freeze-dried composition is 0.02 or more. 

4. The dry powder Inhalation system for transpulmonary administration according to claim 1 , wherein the air impact 
of (iii) is generated by air having an air speed of at least 2m/sec and an air flow rate of at least 1 7ml/sec. 

45 

5. The dry powder inhalation system for transpulmonary administration according to claim 1 , wherein the air impact 
of (iii) is generated by air having an air speed of at least 1 m/sec and an air flow rate of at least 20mi/sec. 

6. The powder inhalation system for transpulmonary administration according to claim 1 , wherein the freeze-dried 
50 composition has a property of becoming fine particles having a mean particle diameter of 5 microns or less or a 

fine particle fraction of 20% or more upon receipt of an air impact. 

7. Thedry powder inhalation system for transpulmonary administration according to claim 1 , wherein the freeze-dried 
composition contains a synthetic low-molecular-weight drug as the active ingredient. 

55 

8. The dry powder inhalation system for transpulmonary administration according to claim 1 , wherein the freeze-dried 
composition contains a hight-molecuiar-weight drug as the active Ingredient. 
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9. The dry powder inhalation system for transpulmonary administration according to claim 1 , wherein the device Is: 

i) a dry powder inhaler for transpulmonary administration, being a device used for making a freeze-dried com- 
position that has been housed in non-powder form in a vessel into fine particles, and administering the resulting 
s fine particles to a user by inhalation, 

comprising a needle part having an air jet flow path, a needle part having a discharge flow path, air 
pressure-feeding means for feeding air Into the air Jet flow path of said needle part, and an Inhalation port that 
communicates with the discharge flow path of said needle part, 

and characterized by being constituted such that a stopper that seals up said vessel Is pierced by said 
10 needle parts, thus communicating the air jet flow path and the discharge flow path with the inside of said 

vessel, and air is jetted into said vessel through said air jet flow path using said air pressure-feeding means, 
thus pulverizing said f reeze-dried composition into fine particles by the Impact of the jetted air, and discharging 
the fine particles obtained from the inhalation port via said discharge flow path, or 

li) a dry powder inhaler for transpulmonary administration, being a device used for making a freeze-dried 
15 composition that has been housed in non-powder form in a vessel Into fine particles, and administering the 

resulting fine particles to a user by inhalation, 

comprising a needle part having a suction flow path, a needle part having an air introduction flow path, and 
an inhalation port that communicates wrth said suction flow path, 

20 and characterized by being constituted such that, in a state in which a stopper sealing up said vessel has 

been pierced by said needle parts, through the inhalation pressure of the user, air in said vessel is Inhaled from 
said inhalation port, and at the same time outside airflows into said vessel, at a negative pressure, through said 
air Introduction flow path, and as a result said freeze-dried composition is pulverized into fine particles by the 
Impact of the air flowing in, and the fine partk^les obtained are discharged from the inhalation port through said 

25 suction flow path. 

10. The dry powder Inhalation system for transpulmonary administration according to claim 1 , using a combination of: 

(1) a vessel housing a freeze-dried composition that contains a single dose of an active ingredient, and has: 

30 

(i) a non-powder cake- like form, 

(ii) a disintegration index in a range of 0.016 to 1 .5, and 

(iii) a property of becoming fine particles having a mean particle diameter of 10 microns or less or a fine 
particle fraction of 10% or more upon receiving an air impact having an air speed in a range of 1 to 300m/ 

35 sec and an air flow rate In a range of 1 7ml/sec to 1 SL/sec; and 

(2) a device comprising means capable of applying said air impact to the freeze-dried composition in said 
vessel, and means for discharging the powder-fomn freeze-dried composition that has been made into fine 
particles. 

40 

11. A freeze-dried composition for transpulmonary administration having the following properties (i) to (iii): 

(i) has a non-powder cake-like form, 

(ii) has a disintegration Index of 0.015 or more, and 

45 (iii) becomes fine partteles having a mean partfele diameter of 1 0 microns or less or a fine parttele fraction of 

10% or more upon receipt of an air impact having an air speed of at least 1m/sec and an air flow rate of at 
least 17ml/8ec. 

12. The freeze-dried composition according to claim 11, wherein the disintegration index is 0.02 or more. 

50 

13. The freeze-dried composition according to claim 11 , wherein the disintegration index is 0.015 to 1 .5. 

14. The freeze-dried composition according to claim 11, becoming fine particles having a mean particle diameter of 
10 mterons or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having an air speed of 

55 at least 2m/sec and an air flow rate of at least 1 7ml/sec. 

15. The freeze-dried composition according to claim 11 , becoming fine particles having a mean particle diameter of 
1 0 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air Impact having an air speed of 
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at least 1 m/sec and an air flow rate of at least 20nnl/sec. 

16. The freeze-dried composition according to claim 1 1 , becoming fine particles having a mean particle diameter of 5 
microns or less or a fine particle fraction of 20% or more upon receipt of the air impact. 

1 7. The freeze-dried composition according to claim 1 1 , containing a synthetic low-molecular-weight drug as an active 
ingredient. 

18. The freeze-dried composition according to claim 11 , containing a hight-moiecuiar-weight drug as an acth/e ingre- 
dient. 

19. The freeze-dried composition according to claim 1 8, containing a hight-molecular-weight drug as the active ingre- 
dient, and at least one selected from the group consisting of amino acids, dipeptides, tripeptides, and saccharides 
as a carrier. 

20. The freeze-dried composition according to claim 1 1 , being a freeze-dried composition for transpulmonary admin- 
istration having the foiiowing properties (i) to (iii): 

(I) has a non-powder cake-iilce form, 

(il) has a disintegration index in a range of 0,016 to 1 .5, and 

(Iii) becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine particle fraction of 
10% or more upon receipt of an air impact having an air speed in a range of 1 to 300nn/sec and an air flow 
rate in a range of 1 7mi/sec to 1 5L/sec. 

21 . A diy powder inhaler for transpulmonary administration used for maldng a freeze-dried composition that has been 
housed in non-powder fomi in a vessel into fine particles by an air impact, and administering the resulting fine 
particles to a user by inhalation. 

22. The dry powder inhaler for transpulmonary administration according to claim 21 , being a device used for making 
a freeze-dried composition that has been housed in non-powder form in a vessel into fine partksles, and adminis- 
tering the resulting fine particles to a user by inhalation, 

comprising a needle part having an air jet flow path, a needle part having a discharge flow path, air pressure- 
feeding means forf eeding air into the air jet flow path of said needle part, and an inhalation port that communicates 
with the discharge flow path of said needle part, 

and being constituted such that a stopper that seals up said vessel is pierced by said needle parts, thus 
communicating the air jet flow path and the discharge flow path with the inside of said vessel , and air is jetted into 
said vessel through said air jet flow path using said air pressure-feeding means, thus making said freeze-dried 
composition into fine particles by the impact of the jetted air, and discharging the fine parttoles from the inhalation 
port via said discharge flow path. 

23. The dry powder inhalerfortranspulmonary administration according to claim 21 , being a devtee used for pulverizing 
a freeze-dried composition that has been housed in non-powder form in a vessel into fine partk^les, and adminis- 
tering the resulting fine particles to a user by inhalation, 

comprising a needle part having a suction flow path, a needle part having an air introduction flow path, and 
an inhalation port that communicates with said suction flow path, 

and characterized by being constituted such that, in a state in which a stopper sealing up said vessel has 
been pierced by said needle parts, through the inhalation pressure of the user, air in said vessel is inhaled from 
said inhalation port, and at the same time outside air flows into said vessel, at a negative pressure, through said 
air introduction flow path, and as a result said freeze-dried composition is pulverized into fine particles by the 
impact of the air flowing in, and the fine partteles obtained are discharged from the inhalation port through said 
suction flow path. 

24. The dry powder inhaler for transpulmonary administration according to claim 23, wherein said air jet flow path and 
said discharge flow path are formed In a single needle part. 

25. The dry powder inhalerfortranspulmonary administration according to claim 24 comprising: 

a holder part for holding a vessel that Is sealed up with a stopper and houses a freeze-dried composition in a 
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non-powder cake-like form that will be made into fine partksles upon receiving an air impact, 
means for applying an air impact to said freeze-dried composition in said vessel, and sucking said freeze- 
dried composition in a powder-fomi that has been made into fine partteles by the air impact out from said vessel, 
a needle part having a suction flow path for sucking said freeze-dried composition out from said vessel, and 
5 an air introduction flow path for introducing outside air into said vessel, 

a suction port that communicates with said suction flow path of saW needle part, 
a guide part for guiding said holder part In the axial direction of said needle part, 

a holder operating part that has a mechanism part for, when said vessel Is held by said holder part, advancing 
the vessel towards a needle tip of said needle part to pierce the stopper of the vessel with said needle tip, and 
10 retreating the vessel from said needle tip to separate the stopper of the vessel from said needle tip, and an 

operator that operates the mechanism part, and is constituted such that said operating member can be oper- 
ated with a force smaller than the force necessary for the mechanism part to pierce the stopper of the vessel 
with said needle part, 

and a housing that supports said needle part and Is for providing said suction port, said guide part and saki 

IS holder operating part, 

and constituted such that, in a state in which said stopper has been pierced by said needle parttocommunteate 
the suction flow path and the air introduction flow path of said needle part with the inside of said vessel and 
position the tip of the air introduction flow path at said freeze-dried composition, through the inhalation pressure 
of a user, air in said vessel is inhaled from said suction port, and air is made to flow into said vessel through 

20 the air introduction flow path, thus applying an air impact to the freeze-dried composition in sakj vessel. 

26. A method of manufacturing a dry powdered preparation for transpulmonary administration, comprising: 

introducing air into a vessel to apply to a freeze-dried composition an air Impact having an air speed of at least 
25 1m/sec and an air flow rate of at least 17mi/sec using a device capable of applying said air impact to the 

freeze-dried composition in the vessel, 

thereby making said freeze-dried composition Into fine particles having a mean partteie diameter of 10 mterons 
or less or a fine particle fraction of 10% or more; 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
30 erties: 

(i) has a non-powder cake-like fomi, 

(ii) has a disintegratk>n index of 0.015 or more, and 

(ill) becomes fine particles having a mean particle diameter of 10 mterons or less or a fine partteie fraction 
35 of 1 0% or more upon receipt of the air impact. 

27. The method of manufacturing a dry powdered preparation for transpulmonary administration according to claim 
26, wherein the fine particles prepared have a mean particle diameter of 5 microns or less or a fine particle fraction 
of 20% or more. 

40 

28. The method of manufacturing a dry powdered preparation for transpulmonary administration according to claim 
26, wherein the disintegration Index of the freeze-dried composrtbn Is 0.02 or more. 

29. The method of manufacturing a dry powdered preparation for transpulmonary administration according to claim 
45 26, wherein the freeze-dried composition contains a synthetic low-moiecuiar-weight dmg as the active ingredient. 

30. The method of manufacturing a dry powdered preparation for transpulmonary administration according to claim 
26, wherein the freeze-dried composition contains a hight-molecular-weight drug as the active ingredient. 

50 31. The method of manufacturing a dry powdered preparation for transpulmonary administration according to claim 
26, earned out by using a device having means capable of applying an air Impact having an air speed of at least 
2m/sec and an airflow rate of at least 17ml/sec to the freeze-dried composition in the vessel, and introducing air 
having the air impact into the vessel housing the freeze-dried composition. 

55 32. The method of manufacturing a dry powdered preparation for transpulmonary administration according to ciaim 
26, carried out by using a device having means capable of applying an air Impact having an air speed of at ieast 
Im/sec and an airflow rate of at least 20ml/sec to the freeze-dried composition in the vessel, and introducing air 
having the air Impact Into the vessel housing the freeze-dried composition. 
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33. The method of manufacturing a dry powdered preparation for transpulmonary administration according to claim 
26, characterized by making the freeze-dried composition Into fine particles using the dry powder inhaler of claim 
22 or 23 as the device. 

34. The method of manufacturing a dry powdered preparation for transpulmonary administration according to daim 
26, comprising: 

introducing air into a vessel to apply to a freeze-dried composition an air impact having an air speed in a range 
of 1 to 300m/sec and an air flow rate in a range of 17ml/sec to ISL/sec using a device capable of applying 
said air impact to the freeze-dried composition in the vessel, 

thereby making said freeze-dried composition into fine particles having a mean particle diameter of 1 0 microns 
or less or a fine partble fraction of 1 0% or more; 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

(I) has a non-powder cake-like form, 

(ii) has a disintegration index in a range of 0.015 to 1 .5, and 

( Hi ) becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine particle fraction 
of 1 0% or more upon receipt of the air impact 

35. A transpulmonary administration method comprising: 

making a freeze-dried composition into fine particles having a mean partcie diameter of 10 microns or less 
or a fine particle fraction of 1 0% or more by applying an air impact having an air speed of at least 1 m/sec and 
an air flow rate of at least 1 7ml/sec to the freeze-dried composition at the time of use, and 
administering the resulting fine particle powder to a user by inhalation; 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

(I) has a non-powder cake-like fomi, 

(ii) has a disintegration Index of 0.015 or more, and 

(iii) becomes fine particles having a mean particle diameter of 1 0 mterons or less or a fine particle fraction 
of 1 0% or more upon receipt of the air impact. 

36. The transpulmonary administration method according to claim 35, wherein the freeze-dried composition is housed 
in a vessel, and the fine particle powder are made using a device comprising means capable of applying the air 
impact to the freeze-dried composition in the vessel and means for discharging the resulting fine particle powder- 
form freeze-dried composition out of the vessel. 

37. The transpulmonary administration metiiod according to claim 36, wherein the disintegration index of the freeze- 
dried composrtion is 0.02 or more. 

38. The transpulmonary administration method according to claim 36, wherein the air impact of (iii) is generated by 
air having an airspeed of at least 2m/sec and an airflow rate of at least 17ml/8ec. 

39. The transpulmonary administration method according to claim 36, wherein the air impact of (iii) is generated by 
air having an air speed of at least 1 m/sec and an air flow rate of at least 20ml/sec. 

40. The transpulmonary administration method according to claim 36, wherein the freeze-dried composition contains 
a synthetic low-molecular-weight drug as the active ingredient. 

41. The transpulmonary administration method according to claim 36, wherein the freeze-dried composition contains 
a hight-molecular-weight drug as the active ingredient. 

42. The transpulmonary administration method according to claim 36, using the dry powder inhaler of claim 22 or 23 
as the device. 

43. The transpulmonary administration method according to claim 36, wherein the freeze-dried composition has the 
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following properties: 

(I) has a non-powder cake-like form, 
(ii) has a disintegration index in a range of 0.015 to 1 .5, and 

(ill) becomes fine partk^les having a mean particle diameter of 1 0 microns or less or a fine particle fraction of 
10% or more upon receipt of an air impact having an air speed in a range of 1 to 300m/sec and an air flow 
rate in a range of 1 7ml/sec to 1 5L/sec, and the fine particle powder are made using a devk^e comprising means 
capable of applying the air impact to the freeze-dried composition in the vessel and means for discharging the 
resulting fine particle powder-form freeze-dried composition out of the vessel. 

44. Use of a freeze-dried composrtion for transpulmonary administration by inhalation, 

the freeze-dried composition containing a single dose of an active ingredient and having the following prop- 
erties: 

IS (i) has a non-powder cake-like form, 

(ii) has a disintegration index of 0.015 or more, and 

(ill) becomes fine parttoles having a mean partk^le diameter of 1 0 mk^rons or less or a fine particle fraction of 
1 0% or more upon receipt of an air impact having an air speed of at least 1 m/sec and an air flow rate of at 
least 17ml/sec, 



and being used by forming into fine particles having said mean particle diameter or said fine particle fraction. 



45. The use of a freeze-dried composition for transpulmonary administration according to claim 44, wherein the freeze- 
dried composition is housed in a vessel, and the fine particles are made using a devce comprising means capable 

2S of applying the air impact to the freeze-dried composition in the vessel and means for discharging the resulting 

fine particle powder-fomn freeze-dried composition out of the vessel. 

46. The use of a freeze-dried composition for transpulmonary administration according to claim 45, wherein the dis- 
integration index of the freeze-dried composition is 0.02 or more. 

30 

47. The use of a freeze-dried composrtion for transpulmonary administration according to claim 45, wherein the freeze- 
dried composrtion becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine particle 
fraction of 1 0% or more upon receipt of an air impact having an air speed of at least 2m/sec and an air fk)w rate 
of at least 1 7ml/sec. 

48. The use of a freeze-dried composition for transpulmonary administration according to claim 45, wherein the freeze- 
dried composition becomes fine partbles having a mean partble diameter of 1 0 microns or less or a fine particle 
fraction of 1 0% or more upon receipt of an air impact having an air speed of at least 1 m/sec and an air flow rate 
of at least 20ml/sec. 

49. The use of a freeze-dried composition fortranspulmonary administration according to claim 45, wherein the freeze- 
dried composrtion becomes fine particles having a mean particle diameter of 5 microns or less or a fine partk;le 
fraction of 20% or more upon receipt of an air impact. 

45 50. The use of a freeze-dried composrtion fortranspulmonary administration according to claim 45, wherein the freeze- 
dried composition contains a synthetic low-molecular-weight drug as the active ingredient. 

51. The useof a freeze-dried composrtion for transpulmonary administration according to claim 45, wherein the freeze- 
dried composition contains a hight-molecular-weight drug as the active ingredient. 

50 

52. The use of a freeze-dried composition for transpulmonary administration according to claim 45, using the dry 
powder inhaler of claim 22 or 23 as the device. 

53. The use of a freeze-dried composition for transpulmonary administration according to claim 45, wherein the freeze- 
rs dried composition has the following properties: 



(i) has a non-powder cake-like form, 

(ii) has a disintegration index in a range of 0.01 5 to 1 .5, and 
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(iii) becomes fine particles having a mean particie diameter of 1 0 microns or less or a fine particle fraction of 
10% or more upon receipt of an air impact having an air speed in a range of 1 to 300m/sec and an air flow 
rate in a range of 17mi/secto ISL/sec, 

s and the fine particles are made using a device comprising means capable of applying the air Impact to the 

freeze-dried composition In the vessel and means for discharging the resulting fine particle powder-form freeze- 
dried composition out of the vessel. 

54. Use of a f reeze-dried composition for man uf acture of a dry powdered preparation f or transp ulmonary administration 
10 by inhalation, 

the freeze-dried composition having the following properties: 

(I) has a non-powder cake-lil<e form, 

(II) has a disintegration Index of 0.015 or more, and 

1^ (III) becomes fine particles having a mean particle diameter of 1 0 microns or less or a fine particle fraction of 

10% or more upon receipt of an air impact having an air speed of at least Im/sec and an air flow rate of at 
least 1 7mi/sec, 

and being used by fomning into fine particles having said mean particle diameter or said fine particle fraction 
20 at the tlnr>e of use. 

55. The use of a freeze-dried composition for manufacture of a dry powdered preparation fortranspulmonary admin- 
istration according to claim 54, wherein the disintegration index of the freeze-dried composition is 0.02 or more. 

25 56. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary admin- 
istration according to claim 54, wherein the freeze-dried composition becomes fine particles having a mean particle 
diameter of 10 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having an 
air speed of at least 2nn/sec and an air flow rate of at least 1 7ml/sec. 

30 57. The use of a freeze-dried composition for manufacture of a dry powdered preparation fortranspulmonary admin- 
istration according to claim 54, wherein the freeze-dried composition becomes fine particles having a mean particle 
diameter of 10 microns or less or a fine particle fraction of 1 0% or more upon receipt of an air impact having an 
air speed of at least 1 m/sec and an air flow rate of at least 20ml/sec. 

35 58. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary admin- 
istration according to claim 54, wherein the freeze-dried composition becomes fine particles having a mean particle 
diameter of 5 microns or less or a fine particle fraction of 20% or more upon receipt of an air impact. 

59. The use of a freeze-dried composition for manufacture of a dry powdered preparation fortranspulmonary admin- 
40 istration according to claim 54, wherein the freeze-dried composition contains a synthetic low-molecular-welght 

drug as an active ingredient. 

60. The use of a freeze-dried composition for manufacture of a dry powdered preparation fortranspulmonary admin- 
istration according to claim 54, wherein the freeze-dried composition contains a hight-molecular-weight drug as 

45 an active ingredient. 

61. The use of a freeze-dried composition for manufacture of a dry powdered preparation fortranspulmonary admin- 
istration according to claim 54, wherein the freeze-dried composition is housed In a vessel, and the fine particles 
are prepared by using a device comprising means for applying a prescribed air Impact to the freeze-dried compo- 

50 sition housed in the vessel and means for discharging the resulting fine particle powder form freeze-dried compo- 

sition out of the vessel. 

62. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary admin- 
istration according to claim 61 , using the dry powder inhaler of claim 22 or 23 as the device. 



55 



63. The use of a freeze-dried composition for manufacture of a dry powdered preparation for transpulmonary admin- 
istration according to claim 54, using the freeze-dried composition having the following properties: 
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(i) has a non -powder cake-like form, 

(ii) has a disintegration index in a range of 0.015 to 1 .5, and 

(ill) becomes fine particies having a mean particie diameter of 1 0 mk^rons or iess or a fine partble fraction of 
10% or more upon receiving an air impact having an air speed in a range of 1 to 300m/sec and an air flow 
s rate in a range of 17mi/8ec to ISiJsec. 
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